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POTASSIUM CORROSION TEST LOOP DEVELOPMENT 
I INTRODUCTION 
Th i s  r e p o r t  covers  t h e  pe r iod ,  from January 15, 1965 t o  A p r i l  15, 1965, 
of a program t o  develop a Pro to type  Corrosion T e s t  Loop f o r  t h e  eva lua t ion  of 
r e f r a c t o r y  a l l o y s  i n  b o i l i n g  and condensing potassium environments which simu- 
l a t e  p ro jec t ed  space e lectr ic  power systems, The p ro to type  test  c o n s i s t s  of 
a two-loop Cb-1Zr f a c i l i t y ;  sodium w i l l  be hea ted  by d i r e c t  r e s i s t a n c e  i n  t h e  
p r i m a r y  loop  and w i l l  be used i n  a hea t  exchanger t o  b o i l  potassium i n  t h e  
secondary, co r ros ion  test  loop. H e a t  r e j e c t i o n  f o r  condensation i n  t h e  sec- 
ondary loop  w i l l  be accomplished by r a d i a t i o n  i n  a high-vacuum environment, 
The immediate co r ros ion  test des ign  cond i t ions  are shown below; i t  i s  expected 
t h a t  t h e  temperature could be inc reased  by about 400°F when t e s t i n g  i s  extended 
t o  i n c l u d e  r e f r a c t o r y  a l l o y s  s t r o n g e r  than Cb-1Zr. 
1. Bo i l ing  temperature,  1900°F 
2 .  Superheat temperature, 2000°F 
3. Condensing temperature,  1350'F 
4.  Subcooling temperature, 800°F 
5. Mass flow r a t e ,  20 to  40 l b / h r  
6 .  Vapor v e l o c i t y ,  100  t o  150 f t / s e c  
7. Average hea t  f l u x  i n  t h e  potassium b o i l e r  - 
50,000 t o  100,000 BTU/hr f t 2  
The development program inc ludes  the  c o n s t r u c t i o n  and o p e r a t i p n  of t h r e e  
Cb-1Zr t es t  loops ,  each of which are being used i n  a sequence of component 
e v a l u a t i o n  and endurance t e s t i n g .  Loop I ,  a n a t u r a l  convection loop, has been 
ope ra t ed  f o r  1,000 hours wi th  l i q u i d  sodium a t  a maximum temperature of 2260" 
t o  2380OF t o  e v a l u a t e  t h e  e lec t r ica l  power vacuum feedthroughs,  thermocouples, 
t h e  method of a t t a c h i n g  t h e  e l e c t r o d e s ,  t h e  e lectr ical  r e s i s t i v i t y  cha rac t e r -  
i s t ics  of t h e  h e a t e r  segment, and t h e  u s e  of thermal and e lectr ical  i n s u l a t i o n .  
Loop 11, a single-phase sodium, f o r c e d - c i r c u l a t i o n  loop  t o  e v a l u a t e  t h e  primary 
loop  EM pump, a flowmeter, f low con t ro l  and i s o l a t i o n  va lves ,  and p res su re  t r a n s -  
duce r s  h a s  completed 2,650 hours of scheduled t e s t i n g ,  Th i s  loop w a s  opera ted  
a t  a maximum temperature of 2065'F and a pump i n l e t  temperature of 1985°F. The 
P ro to type  Corrosion T e s t  Loop, a two-loop sys t em,  which has  been designed and 
p a r t i a l l y  f a b r i c a t e d ,  w i l l  i nc lude  a b o i l e r ,  t u r b i n e  s imula to r  and condenser and 
i n  a d d i t i o n  t o  t h e  above components. This f a c i l i t y  w i l l  be used t o  develop and 
endurance tes t  (2,500 hours) t h e  components r equ i r ed  t o  achieve s t a b l e  opera- 
t i o n  a t  t h e  co r ros ion  tes t  des ign  cond i t ions .  
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The qua r t e r ly  progress  r e p o r t s  i s sued  f o r  t h i s  program w i l l  summarize t h e  
s t a t u s  of t he  work with respect to  design cons ide ra t ions ,  cons t ruc t ion  procedures,  
and test r e s u l t s .  Deta i led  t o p i c a l  r e p o r t s  w i l l  a l s o  be i s sued  t o  desc r ibe  each 
test loop. Addi t iona l  t o p i c a l  r e p o r t s  w i l l  be prepared t o  cover  such a r e a s  as 
materials s p e c i f i c a t i o n ,  p u r i f i c a t i o n  of potassium and sodium, and i n e r t  gas 
p u r i f i c a t i o n  and ana lyses ,  
-2- 
I1 SUMMARY 
During t h e  p a s t  q u a r t e r ,  t h e  eva lua t ion  of Component Evaluat ion T e s t  Loop 
I1 was s u b s t a n t i a l l y  completed. The loop components performed i n  a s a t i s f a c t o r y  
manner and both metal lographic  examination and chemical ana lyses  of loop tub ing  
ind ica t ed  t h a t  no s i g n i f i c a n t  co r ros ion  had occurred during t h e  2,650-hour test 
a t  2000'F wi th  l i q u i d  sodium, 
A l l  major subassemblies of t h e  Prototype Corrosion Loop have been completed. 
Following anneal ing of t h e  condenser - t u rb ine  s imula tor ,  t h i s  subassembly w a s  
shipped t o  P r a t t  & Whitney A i r c r a f t  where an i ron t i t a n a t e  h igh  emit tance c o a t i n g  
was app l i ed  t o  t h e  Cb-1Zr  a l loy f i n s  of the  condenser. F i n a l  assembly of loop 
components should be completed by June 15. 
Fabr i ca t ion  of t h e  numerous a l k a l i  metal p u r i f i c a t i o n  and t r a n s f e r  system 
components has been e s s e n t i a l l y  completed. The sodium f o r  t h e  primary c i r c u i t  
of t h e  Prototype Loop has  been p u r i f i e d  by ho t  t rapping  w i t h  zirconium f o i l  and 
is  ready f o r  use.  P u r i f i c a t i o n  of t h e  potassium f o r  t h e  secondary c i r c u i t  of the  
loop  is  underway, 
C a l i b r a t i o n  of numerous components of t h e  Prototype Loop, i nc lud ing  t h e  
p a r t i a l  p re s su re  analyzer ,  r e f r a c t o r y  a l loy  thermocouples, flowmeter magnets, 
and p res su re  t ransducer ,  has  been completed, A detailed test plan f o r  t h e  Pro- 
t o t y p e  Loop has been prepared and submitted t o  NASA f o r  approval.  
The 2,500-hour, 2000'F r e f lux ing  potassium tes t  t o  determine the compati- 
b i l i t y  of Mo-TZM al loy i n  t h e  condensing r eg ion  of a C b - 1 Z r  a l loy  capsu le  has  
been completed and a prel iminary eva lua t ion  performed. Weight change d a t a  
i n d i c a t e  no s i g n i f i c a n t  compa t ib i l i t y  problems. A second capsu le  test  i s  being 
cont inued  f o r  a t o t a l  of 5,000 hours  t o  determine t h e  e f f e c t  of t i m e  on Anter- 
a c t i o n s  i n  t h i s  t h r e e  component system. 
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I11 PROGRAM STATUS 
A. Component Evaluat ion T e s t  Loop I1 
The eva lua t ion  of t h e  Loop I1 t e s t con t inued  dur ing  t h i s  q u a r t e r  and t h e  
var ious  phases of t h e  eva lua t ion  are summarized below: 
1. Analvsis of Sodium 
I t  was ind ica t ed  i n  t h e  previous progress  r e p o r t  (1)  t h a t  t h e  sample 
of sodium taken from b o p  I1 fo l lowing  completion of t h e  2,650-hour test analyzed 
5.3, 7 .6 ,  4.9 and 5.8 ppm oxygen as determined by t h e  mercury amalgamation meth- 
od. Sodium samples taken dur ing  t h e  d ra in ing  of t h e  loop  were a l s o  submit ted 
t o  General Atomic f o r  de te rmina t ion  of oxygen by t h e  neutron a c t i v a t i o n  method. 
Values of 394 + 31 ppm and 409 + 33 ppm were obta ined  by General Atomic. I t  
was d i f f i c u l t  70 understand these  r e s u l t s  i n  l i g h t  of t h e  oxygen concen t r a t ion  
determined by t h e  amalgamation procedure and t h e  sodium sample h i s t o r y ,  i . e . ,  
2,650 hours i n  con tac t  w i th  Cb-1Zr a l l o y  a t  a temperature  of approximately 2000°F. 
A f t e r  conducting a cons ide rab le  number of ana lyses  on t h e  sodium samples r e tu rned  
t o  General E lec t r ic  from General Atomic, none of which shed any l i g h t  on t h e  
apparent  discrepancy,  General Atomic discovered a source  of e r r o r  i n  t h e i r  pro- 
cedure f o r  analyzing f o r  oxygen i n  sodium. 
The a n a l y s i s  of sodium from oxygen by neutron a c t i v a t i o n  us ing  14 Mev 
neut rons  r e s u l t s  i n  t h e  r e a c t i o n  N a 2 3  (n ,d - )F20 .  
seconds and i t  decays wi th  gamma emission i n  a manner s i m i l a r  t o  Nl6 which has  
a h a l f - l i f e  of 7 .6  seconds.  
(n,p)N16 r e a c t i o n .  
and l Y l 6  depends on the temporal reso lv ing  c a p a b i l i t y  of t h e  e l e c t r o n i c s  i n  t h e  
d e t e c t i o n  s y s t e m .  I t  w a s  d iscovered r ecen t ly  a t  General Atomic t h a t  t h e  reso lu-  
t i o n  of t h e i r  d e t e c t i o n  s y s t e m  was no t  adequate t o  e l imina te  t h e  F20 r a d i a t i o n  
and, consequent ly ,  t h e  r e s u l t s  f o r  oxygen concen t r a t ions  determined i n  t h e  Gen- 
eral  Elec t r ic  sodium samples were high.  Subsequent s t u d i e s  a t  General Atomic 
have revea led  t h a t  major d i f f i c u l t i e s  have been encountered i n  t h e  a p p l i c a t i o n  
of t h e  f a s t  neut ron  a c t i v a t i o n  method f o r  determining t h e  oxygen concen t r a t ion  
of sodium which do no t  e x i s t  i n  t h e  a p p l i c a t i o n  of t h i s  method t o  t h e  de t e r -  
minat ion of oxygen i n  potassium (2 ) .  
The h a l f - l i f e  of FZo i s  10.8 
The determinat ion of oxygen depends on t h e  0l6 
20 The a b i l i t y  t o  d i s t i n g u i s h  between gamma r a d i a t i o n  from F 
2. Disassembly of Loop Components 
During t h e  disassembly of t h e  loop, f o u r  l a y e r s  of t h e  0.002-inch 
t h i c k  Cb-1Zr a l l o y  f o i l  from t h e  h o t t e s t  reg ion  (2065'F) of t h e  loop were re- 
moved and analyzed i n  o r d e r  t o  o b t a i n  a s e n s i t i v e  i n d i c a t i o n  of t h e  q u a l i t y  
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of t h e  Loop I1 t e s t  environment dur ing  t h e  2,650-hour tes t .  With a ha l f  th ick-  
nes s  of only 1 m i l ,  even small amounts of oxygen pickup may r e a d i l y  be de t ec t ed .  
The r e s u l t s  of t h e s e  analyses are given i n  Table I .  The maximum oxygen in-  
crease (approximately 380 ppm) was de tec t ed  i n  t h e  o u t e r  f o i l  as one would Pre- 
d i c t .  A s l i g h t  amount of n i t r o g e n  contamination of t h e  o u t e r  f o i l  i s  a l s o  appar- 
e n t .  These l a y e r s  of f o i l  as w e l l  as a l l  o t h e r s  removed from loop components 
had t h e  appearance and d u c t i l i t y  of t h e  pretest  f o i l  as determined by r eve r se  
bending t o  f r a c t u r e .  
The f i r s t  s t e p  i n  removing a c t u a l  loop components w a s  t o  c u t  through 
t h e  s t a i n l e s s  s t e e l  can which formed t h e  vacuum enclosure  f o r  t h e  EM pump. I n  
c u t t i n g  up t h e  loop proper ,  a procedure w a s  used which permi t ted  t h e  mainten- 
ance of gas- t igh t  seals of each s e c t i o n  removed from t h e  loop.  This  w a s  accom- 
p l i shed  by means of a cold-weld pinch-off device* which has  a remote h y d r a u l i c a l l y  
ac tua t ed  head which could be convenient ly  pos i t ioned  i n  t h e  many r e s t r i c t e d  areas 
where "cuts"  were des i r ed .  F igu re  1 shows t h e  two models of t h e  pinch-off de- 
v i c e  which have been used and a t y p i c a l  cold-weld seal i n  s m a l l  d iameter  Cb-1Zr 
tub ing .  This technique no t  on ly  gave helium l e a k  t i g h t  seals which prevented 
r e a c t i o n  of the  atmosphere wi th  poss ib l e  eo r ros ion  products  but  a l s o  precluded 
t h e  p o s s i b i l i t y  of i n t roduc ing  metallic p a r t i c l e s  i n t o  t h e  loop,  such a s  would 
have been the case if a hack s a w  had been used. 
The sea l ed  segments of t h e  loop were then  placed i n  t h e  vacuum/purge 
welding chamber, where t h e  pinch sea l ed  ends were c u t  o f f  under argon with a 
tub ing  c u t t e r ,  and each s e c t i o n  w a s  examined t o  determine i f  any co r ros ion  
products  or r e s idua l  sodium were p resen t .  Those s e c t i o n s  which showed evidence 
of r e s i d u a l  sodium were t r a n s f e r r e d  t o  t h e  vacuum d i s t i l l a t i o n  u n i t  f o r  addi- 
t i o n a l  c leaning.  The d i s t i l l a t i o n  u n i t  used w a s  descr ibed  i n  an ear l ier  r e p o r t  
(3). 
t i o n  of sodium from t h e  loop  whi le  s t i l l  i n  p l a c e  i n  t h e  test chamber w a s  q u i t e  
success fu l  with only a s m a l l  amount of sodium remaining i n  t h e  i n l e t  and o u t l e t  
tee f i t t i n g s  t o  t h e  EM pump, 
Examination of a l l  t h e  loop  components i n d i c a t e d  t h a t  t h e  i c i t i a l  d i s t i l l a -  
Following f i n a l  c l ean ing  i n  t h e  d i s t i l l a t i o n  u n i t ,  a l l  s e c t i o n s  of 
t h e  loop were c a r e f u l l y  examined f o r  evidence of m a s s  t r a n s f e r  or cor ros ion .  
The only th ing  found w a s  a f r a g i l e  f l a k e  of dark  m a t e r i a l  weighing less than 2 
mg which gave a v e r y  weak spec t rographic  i n d i c a t i o n  of s i l i c o n .  Th i s  p a r t i c l e  
w a s  found i n  t h e  l e g  of $he tee f i t t i n g  which l e d  t o  t h e  bypass con ta in ing  t h e  
meter ing valve. I t  i s  presumed t h a t  t h i s  p a r t i c l e  w a s  somehow in t roduced  dur ing  
t h e  s t r i p p i n g  procedure,  however, t h e  care t aken  t o  avoid such an  occurrence  
would s e e m  t o  preclude t h i s .  
* Kane Engineering Labora tor ies ,  Palo Al to ,  C a l i f o r n i a .  
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TABLE I .  CHEMICAL ANALYSES RESULTS OBTAINED ON THE FOUR LAYERS 
OF Cb-1Zr FOIL1 USED TO INSULATE THE TOP HEATER COIL OF 
LOOP I1 DURING 2,650-HOUR TEST I N  10-8 TORR ENVIRONMENT 
F o i l  
Location 
Four th  L a y e r  
(Outer) 
Thi rd  Layer 
Second L a y e r  
F i r s t Laye r  
( Inne r )  
Before T e s t  
Appro ximat e Analys is ,  ppm 
H - N - 0 Temperature, OF2 - 




510 34 8 
521 25 8 
465 30 6 
-- 338 28 12  
Material Con t ro l  Number 401, 0.002-inch t h i c k  by 0.5-inch wide. 
Temperature of f o i l  c a l c u l a t e d  us ing  an emi t tance  va lue  of 0 . 2  and a tube  




c' * M  
10 .rl 
a a k  
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3 .  Evalua t ion  of t h e  Cb-1Zr Tubing 
A t o t a l  of 25 meta l lographic  specimens, 17 bend specimens, and 13 spec i -  
mens f o r  chemical a n a l y s i s  were taken  from t h e  var ious  reg ions  of t h e  loop. 
The l o c a t i o n s  and temperatures of t h e  va r ious  p o r t i o n s  of t h e  loop  
tub ing  which were analyzed a r e  ind ica t ed  i n  F i g u r e  2. The r e s u l t s  of t h e s e  
ana lyses  and t h e  be fo re  t e s t  a n a l y s i s  of t h e  Cb-1Zr tub ing  a r e  given i n  Table 
11. The fo l lowing  conclus ions  may be  made based on these  r e s u l t s :  
a .  I n  gene ra l ,  very l i t t l e  i n t e r s t i t i a l  contamination occurred  du r ing  
t h e  test ,  and only  t h e  oxygen concen t r a t ion  va r i ed  s i g n i f i c a n t l y .  
b. Analyses obta ined  on the  lowest temperature reg ion  (1965°F) and 
t h e  h ighes t  temperature regions (2050" and 2065OF) i n d i c a t e  a 
t r a n s f e r  of oxygen from t h e  high t o  t h e  low temperature s e c t i o n s .  
c .  Maximum wal l  contamination (approximately 240 ppm 0) occurred i n  
t h e  2015°F hea t  r e j e c t i o n  area no t  p ro tec t ed  wi th  Cb-1Zr f o i l  wrap. 
d .  Gradient ana lyses  obta ined  i n d i c a t e  t h a t  a l l  of t h e  oxygen contam- 
i n a t i o n  was confined t o  t h e  o u t e r  p o r t i o n s  of t h e  tube  wa l l .  
The r e s u l t s  obtained on Sample M f romthe2050"F reg ion  of t h e  loop  in-  
d i c a t e  a s i g n i f i c a n t  decrease  i n  t h e  oxygen concen t r a t ion  of t h e  Cb-1Zr a t  t h e  
tube-sodium i n t e r f a c e  i n  t h i s  reg ion .  I t  i s  of i n t e r e s t  t o  n o t e  t h a t  t h e  deple- 
t i o n  of oxygen from t h e  high temperature r eg ions  i s  i n  agreement wi th  t h e  deple- 
t i o n  noted  i n  t h e  h o t t e s t  reg ions  of Loop I ( 4 ) .  
Pre l iminary  examination of t h e  meta l lographic  specimens from Loop I1 
has  been completed. N o  co r ros ion  was de tec t ed  on any of t h e  21 Cb-1Zr specimens 
taken  from va r ious  reg ions  of t h e  loop  inc lud ing  one b u t t  weld specimen from 
t h e  1965°F h e a t e r  i n l e t  region. The su r face  c o n d i t i o n  of t h e  be fo re  t es t  tub ing  
and s e c t i o n s  taken from t h e  h e a t e r  o u t l e t  and h e a t  i n l e t  reg ions  i s  shown i n  
F i g u r e  3 .  The s t r u c t u r e s  shown a r e  t y p i c a l  of a l l  t h e  specimens of t h e  loop  
t u b i n g  fo l lowing  t e s t .  
The p o s t - t e s t  d u c t i l i t y  of seventeen 1/2-inch long tube  s e c t i o n s  from 
va r ious  r eg ions  of t h e  loop was checked by f l a t t e n i n g  t h e  tubes  us ing  a s t r i p  
of 0.060-inch t h i c k  shee t  a s  an i n t e r n a l  suppor t .  N o  c r acks  could be de t ec t ed  
i n  any of t h e  specimens by v i s u a l  examinations a t  30 d iameters .  Metallog- 
r a p h i c  examination a t  500X revealed severa l  c r a c k s  t o  a depth of 2 t o  4 m i l s  
on t h e  i n n e r  (compression) s u r f a c e  of t h e  bends i n d i c a t i n g  no s i g n i f i c a n t  












































































of Chemical Analysis 
S amp 1 e s 
Figure 2. Component Evaluation Test Loop I1 Showing Various Loop Temperatures 




TABLE 11. RESULTS OF CHEMICAL ANALYSIS~ ON SPECIMENS OF  TUBING^ FROM 
COMPONENT EVALUATION TEST LOOP I1 WHICH CIRCULATED SODIUM AT 
A MAXIMUM TEMPERATURE OF 2065'F FOR 2,650 HOURS 
Sample Designation 
and DescriDtion 
(TI Pump O u t l e t  (1970'F) 
Inner  1/3 of Wall 
(H) Heater I n l e t  (1965OF) - N o  F o i l  Wrap 
(J) End of F i r s t  Heater C o i l  (2020'F) 
(L) End of Second Heater C o i l  (2065'F) 
(MI 2 Inches Past Heater C o i l  (2050°F) 
Following Removal of 0,010 Inch of 
Outer  Sur face  of Tube Wall 
(A) M i d d l e  of Cold Leg - No F o i l  Wrap 
( 2015 OF) 
Outer  1/3 of W a l l  
M i d d l e  1/3 of Wall 
Inne r  1/3 of Wall 
(Q) Middle of Cold Leg (2015'F) 
Outer  1/3 of W a l l  
M i d d l e  1/3 of Wall 
Inne r  1/3 of W a l l  
(C) Pump I n l e t  (1985'F) 
Before T e s t  Analys is  













































































Analys i s  given i s  f o r  t o t a l  w a l l  t h i ckness  u n l e s s  o the rwise  i n d i c a t e d .  
A l l  tube  specimens covered wi th  Cb-1Zr f o i l  du r ing  test  unless  o the r -  
w i s e  i n d i c a t e d .  Average of d u p l i c a t e  ana lyses  given i n  t a b l e .  



















































4.  Evalua t ion  of Helical Induction EM Pump 
A i r  f low tests of t h e  Loop I1 sodium pump showed an i n c r e a s e  of approxi- 
m a t e l y  3% i n  t h e  p re s su re  drop over  t h e  prev ious  measurement made be fo re  t h e  
pump w a s  i n s t a l l e d  i n  Loop 11. The 3% change i s  probably due t o  t h e  a d d i t i o n  
of an i n l e t  and o u t l e t  reducer  on t h e  pump which was no t  p re sen t  i n  t h e  p r e t e s t  
check. I t  is ,  t h e r e f o r e ,  concluded t h a t  no s i g n i f i c a n t  changes occurred  i n  
t h e  flow c h a r a c t e r i s t i c s  of t h e  pump as a r e s u l t  of t h e  2,650-hour test near 
2000'F. The r e s u l t s  are summarized i n  Table I11 below: 
TABLE 111. A I R  PRESSURE DROP TEST OF LOOP I1 SODIUM PUMP 
Flow Rate, l b s / h r  
P res su re  Drop, inches  of 
H20 
P r e t e s t  
7.5 
32.2 33.3 
+3 Pres su re  Drop Change, % -_-- 
Inc ludes  i n l e t  and o u t l e t  reducers .  
I t  w a s  a l s o  observed t h a t  t h e  p r e s s u r e  drop w a s  w i th in  1% f o r  a i r  f low 
i n  e i t h e r  d i r e c t i o n ,  i . e . ,  f o r  reverse o r  forward flow. 
5. Post-Test Appearance of Valve Components 
The appearance of t h e  bellows of t h e  i s o l a t i o n  and t h e  meter ing  va lves  
from Loop I1 fo l lowing  completion of t h e  2,650-hour tes t  i s  i l l u s t r a t e d  i n  Fig- 
u r e  4.  V e r y  l i t t l e  d i f f e r e n c e  i n  t h e  before and a f t e r  t es t  appearance of t h e  
bellows could  be de t ec t ed ,  however, some evidence of bellows "squirm" i n  t h e  
meter ing  va lve  bellows i s  apparent .  T h e s e  va lves  were opera ted  ove r  t h e  f u l l  
axial  t r a v e l  range  of 0.125 inch  approximately 10 t i m e s  du r ing  t h e  p r e t e s t  
checkouts  a t  room temperature.  The metering va lve  w a s  ad jus t ed  ove r  an a x i a l  
movement range of 0 t o  0.014 inch  approximately 30 t i m e s  du r ing  t h e  2,650-hour 
t es t  w i t h  t h e  va lve  a t  temperatures of 650'-800'F. 
Following c l ean ing  of r e s idua l  sodium from t h e  va lve  by vacuum d i s -  
t i l l a t i o n ,  t h e  bellows and plug were removed by c u t t i n g  o u t  t h e  weld which 
s e a l e d  t h e s e  p a r t s  i n t o  t h e  v a l v e  body. The bellows and plug are shown 
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(a) I s o l a t i o n  Valve 
(b) Metering Valve 
Figure 4 .  Cb-1Zr Bellows of Modified Hoke Valves Following Completion of h o p  11 
T e s t .  I s o l a t i o n  Valve Bellows ( a )  Unchanged During T e s t .  Metering 
Valve Bel lows (b )  Shows Evidence of Some D i s t o r t i o n .  
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* 
i n  F igure  5. No evidence of s i g n i f i c a n t  co r ros ion  could be de t ec t ed ,  however, 
t h e  s u r f a c e  of t h e  Mo-TZM a l l o y  plug was covered w i t h  a very t h i n  grey f i l m .  
6. Reca l ib ra t ion  of t h e  Flowmeter Magnet 
The sodium flow rate of Loop I1 was measured by a permanent magnet 
flowmeter designed t o  ope ra t e  a t  a l i q u i d  metal  temperature  of 2200°F. The 
magnet had been s t a b i l i z e d  by repea ted  thermal c y c l i n g  from room temperature  
t o  90C"F. The magnetic f l u x  dens i ty  as a func t ion  of temperature  a f t e r  s tab i l i -  
z a t i o n  was measured and repor ted  i n  a previous quar te r ly(51 ,  The f l u x  d e n s i t y  
measurement was repea ted  a f t e r  completion of t h e  2,650-hour Loop I1 t e s t  where 
t h e  magnet temperature w a s  approximately 670°F dur ing  t h e  test  opera t ion .  I n  
comparing the  pos t - t e s t  d a t a  with the  p r e t e s t  d a t a ,  an a r i t h m e t i c a l  e r r o r  w a s  
de t ec t ed  i n  computing t h e  p r e t e s t  f l u x  d e n s i t y  r e s u l t i n g  i n  a f l u x  d e n s i t y  
e r r o r  of 7$. The co r rec t ed  p r e t e s t  f lux  d e n s i t y  and t h e  pos t - t e s t  f l u x  d e n s i t y  
as  a func t ion  of temperature  a r e  shown i n  Figure 6 .  Although no d e t e c t a b l e  
change i n  t h e  f l u x  d e n s i t y  a t  room temperature w a s  measured, t h e  magnet a f t e r  
test  showed a g r e a t e r  s e n s i t i v i t y  to  temperature than ind ica t ed  by t h e  p r e t e s t  
measurement. The 2% change i n  p r e t e s t  f l u x  dens i ty  from room temperature  t o  
900'F was s t i l l  cons iderably  l e s s  than the  12  t o  13% decrease  i n  f l u x  d e n s i t y  
obta ined  f o r  t h e  two Pro to type  Corrosion Loop magnets of similar design mea- 
sured  ove r  t h e  same temperature  range ( see  I I I . D . 3 ) .  
Another anomaly i n  t h e  behavior of t h e  Loop I1 magnet i s  t h e  1% 
decrease  i n  t he  f l u x  d e n s i t y  a t  room temperature fol lowing t h e  thermal s t a b i l i -  
z a t i o n  t rea tment .  For  t h e  two similar Prototype Loop magnets, t h e  f l u x  d e n s i t y  
a f t e r  thermal s t a b i l i z a t i o n  was only  2% less than t h e  o r i g i n a l  value.  
B. Pro to type  Corrosion Loop Fabr ica t ion  
During t h i s  r e p o r t  per iod  all t h e  major subassemblies were completed. 
These subassemblies as def ined  by the app l i cab le  manufacturing i n s t r u c t i o n  
a r e :  sodium h e a t e r  c o i l ,  sodium surge tank ,  sodium EM pump duct ,  potassium 
su rge  tank ,  potassium EM pump duct - potassium pump o u t l e t ,  condenser - t u r -  
b ine  s imula to r  ( s t a g e s  2-10), and bo i l e r  - t u r b i n e  s imula tor  ( s t a g e  1) pre- 
heater c o i l .  The welding and postweld hea t  t rea tments  requi red  f o r  each of 
these subassemblies were completed and the f i n a l  assembly phase was i n i t i a t e d .  
The  f i n a l  assembly f a b r i c a t i o n  phase has  been completed through t h e  f o l -  
lowing ope ra t ions :  
1. Four Cb-1Zr  t o  Type 316 stainless s t e e l  b i m e t a l l i c  j o i n t s  were 
welded t o  t h e  surge  tank assemblies.  
-15 - 
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Figure 5 .  Cb-1Zr Bellows and Mo-TZM Alloy Plug of Loop I1 Metering Valve 
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2. The sodium sys t em,  h e a t e r  c o i l ,  surge  tank ,  and EM pump duct  were 
joined. 
3. Components of t h e  potassium s y s t e m  which included t h e  surge  t ank ,  
EM pump duc t ,  pump o u t l e t ,  b o i l e r  - t u r b i n e  s imula to r  - p r e h e a t e r  
c o i l  and two s l a c k  diaphragm pres su re  t r ansduce r s  were jo ined .  
These major subassemblies a long  wi th  t h e  condenser - t u r b i n e  s imula to r  
p a r t  of t h e  potassium s y s t e m  are c u r r e n t l y  being pos i t i oned  on t h e  support  
s t r u c t u r e  and vacuum tank spool s e c t i o n .  When t h i s  s t e p  i s  completed, t h e  
loop  welding f i x t u r e  w i l l  be pos i t i oned  i n s i d e  t h e  support  frame and t h e  
attachments t o  t h e  loop  w i l l  be made. The loop  suppor t  s t r u c t u r e  w i l l  t hen  
be disassembled and t h e  loop, supported by i t s  welding f i x t u r e ,  w i l l  be posi-  
t i o n e d  i n  the welding chamber. 
A t o t a l  of seven welds and l o c a l  postweld annea l ing  hea t  t r ea tmen t s  w i l l  
t hen  be requi red  t o  complete t h e  Cb-1Zr p o r t i o n  of t h e  loop  assembly. 
A f t e r  reassembly i n  t h e  vacuum tank spool s e c t i o n ,  t h e  Type 316 s t a i n l e s s  
s tee l  f i l l  and dump l i n e s ,  and gas p r e s s u r e  l i n e s  w i l l  be welded t o  t h e  vacuum 
chamber por t s , ,  Also,  s t a i n l e s s  s tee l  components of t h e  housings f o r  t h e  EM 
pumps and of t h e  vacuum feedthroughs f o r  t h e  s l a c k  diaphragm t r ansduce r s  w i l l  
be  welded i n  p l ace .  
The f a b r i c a t i o n  sequence f o r  loop  components and major subassemblies i s  
desc r ibed  below: 
1. 
h a s  been 
Boi le r  
The b o i l e r  f a b r i c a t i o n  through i n i t i a l  welding and forming o p e r a t i o n s  
repor ted  p rev ious ly  (6 ) .  During t h i s  r e p o r t  pe r iod ,  welding of t h e  
b o i l e r  components shown i n  F igu re  7 w a s  completed. The i n n e r  and o u t e r  t ubes  
were c u t  t o  t h e  proper  l eng th ,  and t h e  t u b e  p lug  w a s  welded t o  t h e  i n n e r  t ube ,  
A f t e r  i n spec t ion  of t h i s  weld, t h e  end connec to r s  f o r  t h e  o u t e r  t ube  were 
pos i t i oned  and welded a long  wi th  t h e  thermocouple w e l l s  and i n l e t  plug. Radio- 
graphs of t h e  potassium i n l e t  s e c t i o n  shown i n  F igu re  8 i l l u s t r a t e  t h e  i n l e t  
plug conf igu ra t ion .  A 0.060-inch d iameter  Cb-1Zr w i r e  w a s  formed i n t o  a 1.0- 
i nch  p i t c h  h e l i x  on t h e  0.125-inch d iameter  Cb-1Zr c e n t e r  rod. One TIG weld 
t ack  p e r  revolu t ion  of t h e  p lug  w i r e  w a s  made t o  hold t h e  w i r e  i n  p l a c e ,  The 
plug w a s  then pos i t i oned  wi th in  t h e  s t r a i g h t  s e c t i o n  of b o i l e r  i n l e t  p i p e  and 
welded t o  the i n l e t  f i t t i n g .  The welded assembly x-ray and l e a k  t e s t  w a s  i n spec ted  
p r i o r  t o  i t s  i n c l u s i o n  i n  a major subassembly desc r ibed  below. 
-1 8- 
Figure  7 .  Proto type  Corros ion  Loop Tube-in-Tube H e l i c a l  B o i l e r .  
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P r e h e a t  er 
Figure 8. Two Radiographs of the Boiler Inlet Region of the Prototype 
Corrosion Loop Showing the Plug Configuration. 
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2. Turbine Simulator  
The machining and assembly of  t h e  t u r b i n e  s imula tor  nozz les  and b lades  
w a s  completed, The t e n t h  s t a g e  nozz le  conf igura t ion  i s  shown i n  F igu re  9 .  The 
Mo-TZM a l l o y  b lades  were pol i shed  t o  a 16-rms s u r f a c e  f i n i s h  by t h e  vendor 
u t i l i z i n g  a 240 g r i t  alumina c l o t h  followed by a f i n a l  p o l i s h  wi th  5-micron 
alumina before  f i n a l  c l ean ing  and assembly. The Yo-TZM a l l o y  nozz les  were Elo- 
po l i shed ,  a refinement of e lectr ic  spark d ischarge  machining, t o  produce a 
32-rms s u r f a c e  f i n i s h  i n  t h e  nozzle  t h r o a t .  This  s u r f a c e  w a s  f u r t h e r  po l i shed  
wi th  400 g r i t  alumina paper t o  remove approximately 0.001 i n c h  from t h e  su r face .  
A f i n a l  p o l i s h  wi th  5-micron alumina produced an  8-rms f i n i s h .  Zyglo inspec- 
t i o n  of t h e  f i n i s h e d  p a r t s  i nd ica t ed  tha t  t h e  su r faces  were f r e e  of c r acks .  
I t  should be noted t h a t  numerous sur face  c racks  w e r e  de t ec t ed  i n  t h e  b lade  pads 
(see F igure  9 )  a f t e r  electric spark discharge machining of t h e  a i r f o i l  shape. 
The ma jo r i ty  of t h e  c racks  w e r e  l oca t ed  i n  t h e  sharp  r a d i i  a t  each end of t h e  
a i r f o i l  shape and were e a s i l y  removed by f i l i n g  and/or hand po l i sh ing  wi th  5- 
micron alumina powder as requi red .  
Each nozz le  o r i f i c e  diameter  was air-gauge inspec ted  f o r  f i n a l  dimen- 
s i o n s  with t h e  r e s u l t s  shown i n  Table  I V .  Nozzle number 9 w a s  0.000Sinch 
o v e r s i z e ,  number 2 was 0.0001 inch  overs ize ,  and number 4 w a s  0.00003 inch  over- 
s ize  i n  one l o c a t i o n .  These minor d iscrepancies  w i l l  not  i n f luence  loop  per- 
f ormance. 
The nozz le  assembl ies  were then disassembled, c leaned with e t h y l  a lco-  
ho l ,  and t h e  weights  of each component were recorded f o r  f u t u r e  r e fe rence .  
The number one nozz le  assembly w a s  pos i t i oned  i n  i t s  Cb-1Zr o u t e r  
c a s i n g  as shown i n  F igure  10. The end caps, thermocouple w e l l s ,  and one-inch 
diameter  process  tube  w e r e  then welded t o  complete t h e  s i n g l e  s t a g e  t u r b i n e  
s imula tor .  Postweld annea l ing  of t h i s  subassembly w a s  conducted a f t e r  i t  w a s  
j o i n e d  t o  t h e  b o i l e r  t o  form a major subassembly. 
The remaining nine nozz le  assemblies w e r e  pos i t i oned  as  shown i n  
F igu re  11. These assemblies  are rabbeted toge the r  and a l igned  i n  t h e i r  Cb-1Zr 
c a s i n g  wi th  a 0,062-inch diameter  w i r e  which extends through a keyway i n  t h e  
nozz le s  and cas ing .  The i r  assembly i n  t h e  c a s i n g  w a s  somewhat complex s ince  
both u n i t  s t r a i g h t n e s s  and a x i a l  alignment had t o  be maintained. I t  w a s  found 
t h a t  a d d i t i o n a l  d iamet ra l  c l ea rance  between t h e  nozz les  and cas ing  w a s  r equ i r ed  
du r ing  assembly. This  a d d i t i o n a l  c learance  w a s  ob ta ined  by hea t ing  t h e  Cb-1Zr 
c a s i n g  t o  approximately 300°-350"F i n  a i r .  Using t h i s  procedure,  t h e  d e l i c a t e  
f i t t i n g  o p e r a t i o n  was accomplished. The assembly was a t  t h e  temperature  
s p e c i f i e d  f o r  approximately 15 minutes.  The Cb-1Zr end caps  and thermocouple 
w e l l s  were then  welded t o  t h e  cas ing  t o  complete t h e  assembly. 






















TABLE I V .  ORIFICE DIAMETERS FOR THE Mo-TZM ALLOY NOZZLES FOR 
DETERMINED BY AIR-GAUGE INSPECTION 
THE PROTOTYPE CORROSION LOOP TURBINE SIMULATOR AS 
Stage  
No. I dent  i f i c a t i o n  
Speci f i ed 
Diameter , A c t u a l  Diameter, Inches 1 
Inches 0 DegreesL 90 Degrees 
1 Dwg. 119C2853 P1 0.099 - 0.100 0.09940 0.09945 
2 Dwg. 119C2853 P2 0.100 - 0.101 0.101080 0.101100 
3 Dwg. 119C2853 P3 0,115 - 0.116 0.115300 0.115270 
4 Dwg, 119C2853 P4 0,128 - 0.129 0.129030 0.128960 
5 Dwg. 119C2853 P5 0.141 - 0.142 0.141170 0.141205 
6 Dwg. 119C2353 P6 0,158 - 0.159 0.158050 0.158025 
7 Dwg. 119C2853 P7 0.175 - 0.176 0.175720 0.175660 
8 Dwg. 119C2853 P8 0.205 - 0.206 0.205080 0.205075 
9 Dwg. 119C2853 P9 0.221 - 0,222 0.222790 0.222785 
1 0  Dwg. 119C2853 P10 0.249 - 0.250 0.249225 0.249215 
1 
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Figure 10. F i r s t  S tage  Turbine S imula tor  of P ro to type  Corros ion  Loop. 








Figure 11. Turbine  Simulator  (S tages  2-10) of t h e  Pro to type  Corrosion b o p  
P r i o r  t o  Assembly. Nozzles and Blades:  Mo-TZM. Tubing, Re- 




3. Hel ica l  Induct ion  EM Pump D x t s  
The primary and secondary EM pump duc t s  were postweld vacuum annealed 
a t  S t e l l i t e  Div is ion  of Union Carbide Company. A s  i n  prev ious  i n s t a n c e s ,  i t  
w a s  found necessary t o  d e v i a t e  from S p e c i f i c a t i o n  SPPS-3C by s e t t i n g  t h e  upper 
l i m i t  of p ressure  near 5 x t o r r  r a t h e r  than  t h e  1 x 10-5 t o r r  s p e c i f i e d .  
Th i s  upper l i m i t  of p re s su re  w a s  cons idered  accep tab le  s i n c e  q u a l i f i c a t i o n  runs  
which preceded t h e  a c t u a l  annea l ing  of t h e  loop companents y i e lded  accep tab le  
r e s u l t s  a t  the  h ighe r  p re s su re .  A s  an added p recau t ion ,  one  over-lapping l a y e r  
of 0.002-inch t h i c k  Cb-1Zr f o i l  was used t o  wrap t h e  EM pump duc t s .  I n  accordance 
wi th  Spec i f i ca t ion  SPPS-3C, t h e  components were annealed a t  2200'F f o r  one hour. 
The vacuum maintained a t  2200°F was 6 . 5  x 10-5 t o r r .  
contamination of c o n t r o l  specimens was ev ident .  The completed EM pump duc t s  
are shown i n  F igu re  12.  
A s  shown i n  Table V,  no 
4 .  Sodium and Potassium Surge Tanks 
Both t h e  potassium and sodium su rge  tank  subassemblies were welded and 
in spec ted .  These subassemblies i nc lude  t h e  argon gas  p r e s s u r e  l i n e ,  f i l l  and 
dump l i n e ,  tank o u t l e t  l i n e ,  and surge  tank  as i l l u s t r a t e d  by t h e  potassium 
su rge  tank  shown i n  F i g u r e  13. A s  i n  prev ious  i n s t a n c e s ,  i t  w a s  found necessary 
t o  d e n a t e  from S p e c i f i c a t i o n  SPPS-3C by s e t t i n g  t h e  u p p e r  l i m i t  of p r e s s u r e  
n,'ar 5 x 
t h e  vacuum maintained dur ing  t h e  one hour a t  2200'F was 7.5 x t o r r .  A s  
shown i n  Table V, no contamination of c o n t r o l  specimens w a s  ev iden t .  A s  i n  
prev ious  in s t ances ,  one over lapping  l a y e r  of 0.002-inch t h i c k  Cb-1Zr f o i l  w a s  
used t o  w r a p  t h e  su rge  t anks  and a s s o c i a t e d  t:ibing. 
t o r r  r a t h e r  than  t h e  1 x 10-5 t o r r  s p e c i f i e d .  I n  t h i s  case, 
5. Valves 
The f a b r i c a t i o n  sequence f o r  t h e  Cb-1Zr bellows va lves  f o r  both Loop 
I1 and t h e  Prototype Loop was r epor t ed  p rev ious ly  (7) .  During Loop I1 o p e r a t i o n  
(81, t h e  valve a c t u a t i o n  s y s t e m  w a s  f u r t h e r  modified by i n c l u s i o n  of a Saginaw 
b a l l  bearing screw t o  e l i m i n a t e  g a l l i n g  t endenc ie s .  Fo r  t h e  Pro to type  Loop, 
a d d i t i o n a l  design and materials mod i f i ca t ions  w e r e  made and t h e s e  have been in- 
co rpora t ed  i n  t h e  va lve  shown i n  F igure  14.  All components which may o p e r a t e  
above t h e  600'F ambient temperature were made from Mo-TZM o r  Cb-1Zr a l l o y .  
a tungs ten  ca rb ide  bushing was added t o  minimize g a l l i n g  of t h e  s t a i n l e s s  s teel  
p in ion  g e a r  s h a f t .  
Also, 
6. S t r e s s  Diaphragm Pres su re  Transducer 
The des ign  of s t r e s s e d  diaphragm p r e s s u r e  t r a n s d u c e r  w a s  modified from 
t h a t  used i n  Loop I1 by t h e  i n c l u s i o n  of a co r ruga ted  0.006-inch t h i c k  T-222 
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to Loop 
K F i l l  and Drain 
From Purification 
and Transfer System 
Figure 13. Potassium Surge Tank (6'' OD) for t h e  Prototype Corrosion Loop 
Partially Assembled. ( O r i g .  C65021044) 
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94WC-6Co Balls 
F l e x i b l e  Drive 




Figure 1 4 .  Modified Hoke Valve and Associated Drive Components f o r  t h e  Proto- 
t ype  Corrosion Loop. (C65082449) 
-30- 
-31- 
dur ing  t h e  f a b r i c a t i o n  sequence. S ince  t h e  f l a t  diaphragm used i n  t h e  ear l ier  
des ign  and t h e  new corrugated  diaphragm had d i f f e r e n t  d iameters ,  t h e  t r ansduce r  
housing and housing cap  were re-machined a s  shown i n  F igu re  1 5 ( a ) .  
A s  repor ted  previous ly  ( 9 ) ,  t h e  t r ansduce r  body assembly was welded 
and postweld annealed per  S p e c i f i c a t i o n  SPPS-3C. The T-111 tantalum a l l o y  
housing w a s  first welded t o  t h e  Cb-1Zr r e t a i n e r  body which was then  welded t o  
t h e  reducer  and process tube.  
one hour. 
Th i s  subassembly w a s  then annealed a t  2200'F f o r  
The diaphragm assembly shown i n  F igu re  15(b)  was produced by f i r s t  
e l e c t r o n  beam welding t h e  0.020-inch diameter W-25%Re w i r e  t o  t h e  T-111 a l l o y  
probe mount. A second e l e c t r o n  beam weld a t t ached  t h e  probe mount t o  t h e  T-222 
a l l o y  diaphragm. The diaphragm w a s  then  pos i t i oned  between t h e  T-111 housing 
and housing cap and e l e c t r o n  beam welded. A s  an added p recau t ion ,  an e l e c t r o n  
beam weld was made between t h e  T-111 a l l o y  housing and t h e  Cb-1Zr retainer body 
on t h e  ou t s ide  diameter, which, i n  combination wi th  t h e  i n t e r n a l  t ungs t en  i n e r t  
gas  weld, a f f e c t e d  a double seal between t h e s e  components. 
The f i n a l  f a b r i c a t i o n  s t e p  was t h e  braz ing  of t h e  magnetic probe t o  
t h e  0.020-inch d iameter  W-25%Re w i r e .  Brazing was accomplished u s i n g  l o c a l i z e d  
h e a t i n g  wi th  a graphi te - t ipped  h e a t e r  probe under h igh  p u r i t y  argon i n  t h e  
welding chamber. The braz ing  a l l o y  (72Ag-28Cu) w a s  a p p l i e d  t o  t h e  j o i n t  manually 
i n  wire form. The completed assembly, shown i n  F igu re  1 5 ( c ) ,  w a s  mass Spectro- 
meter l e a k  t e s t e d  s u c c e s s f u l l y  and submi t ted  t o  in s t rumen ta t ion  f o r  room temper- 
a t u r e  c a l i b r a t i o n .  
7. Condenser - Turbine Simulator Subassembly 
The weld between t h e  condenser p ipe  and t h e  0.25-inch t h i c k  r a d i a t o r  
f i n s  represented  t h e  l a r g e s t  cont inuous  weldment r equ i r ed  f o r  loop f a b r i c a t i o n .  
Approximately 1 .5  pounds of 0.125-inch d iameter  f i l l e r  w i r e  w a s  consumed. A- 
lignment o f  t h e  f i n s  and condenser p i p e  w a s  maintained by a welding f i x t u r e  
shown i n  Figure 16. All t h e  welding f i x t u r e  p a r t s  which c o n t a c t  t h e  Cb-1Zr 
were made from unalloyed molybdenum. 
AS expected from earlier welding t r i a l s ,  t h e  0.375-inch OD Schedule 80 
condenser pipe w a s  d i s t o r t e d  by t h e  welding o p e r a t i o n .  Radiographic i n s p e c t i o n  
of t h e  condenser assembly r evea led  a dec rease  i n  i n s i d e  d iameter  i n  a d i r e c t i o n  
p a r a l l e l  t o  t h e  f i n s .  The nominal 0.421-inch i n s i d e  d iameter  i n  t h i s  d i r e c t i o n  
decreased t o  0.295-0.315 inch. A t  each of t h e  0.050-inch gaps between t h e  f i n s ,  
weld shrinkage was less pronounced wi th  t h e  i n s i d e  d iameter  dec reas ing  t o  a 
minimum of 0.370-0.380 inch .  On an a x i s  pe rpend icu la r  t o  the f i n s ,  t h e  i n s i d e  
diameter increased  t o  0.425-0.440 inch. 
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Following attachment of t h e  f i n s ,  t h e  condenser was then welded to t h e  
subcooler  and t h e  nine-s tage t u r b i n e  s imula tor  which completed t h i s  major sub- 
assembly as shown i n  F igu re  17(a) .  This  subassembly was then  wrapped with 0.002- 
inch  Cb-1Zr f o i l  i n  prepara t ion  f o r  postweld anneal ing treatment. 
8. Boiler - Turbine Simulator  - Prehea ter  Co i l  Subassembly 
This major subassembly which c o n s t i t u t e s  about one ha l f  of t h e  potassium 
loop  w a s  completed as shown i n  F igure  18. Four welds were requi red  t o  j o i n  t h e  
components which included t h e  p rehea te r  c o i l ,  vapor nuc lea to r ,  b o i l e r ,  t r ans -  
ducer  connector, s i n g l e  s t a g e  t u r b i n e  s imula tor  and 1.0-inch diameter  tube.  This  
major subassembly was then wrapped with 0.002 inch  Cb-1Zr f o i l  i n  p repa ra t ion  fo r  
t h e  postweld anneal ing t rea tment  descr ibed  below. 
This subassembly i s  a l s o  r e p r e s e n t a t i v e  of t h e  procedure u t i l i z e d  f o r  
j o i n i n g  t h e  0.375-inch diameter  process  tubes  t o  t h e  l a r g e r  diameter  p ip ing  sec- 
t ions.  A s  shown i n  F igure  18, s h o r t  l eng ths  of t h e  0.375-inch tub ing  were 
welded t o  t h e  t ransducer  connectors ,  b o i l e r  i n l e t  and o u t l e t ,  and p rehea te r  
e l e c t r o d e  p r i o r  t o  postweld anneal ing t rea tment .  This  procedure permi t ted  f i n a l  
assembly welds and l o c a l  postweld annea l ing  t rea tments  t o  be performed on t h e  
0,375-inch tubing a t  r e a d i l y  a c c e s s i b l e  l o c a t i o n s .  Only one weld i n  t h e  1.0- 
inch  diameter tube  a t  t h e  top  of t h e  loop w i l l  be requi red  dur ing  t h e  f i n a l  
assembly phase, 
9. Postweld Annealing Treatments 
A s  noted i n  t h e  l a s t  q u a r t e r l y  r e p o r t  (10) s i x  welded test  samples 
were annealed i n  t h e  DuPont Company vacuum fu rnace  f o r  two hours a t  2200'F + 
50°F i n  preparat ion f o r  t h e  postweld annea l ing  of major loop subassemblies ,  
- 
The condenser - t u r b i n e  s imula tor ,  F igu re  1 7 ( a ) ,  t h e  b o i l e r  - t u r b i n e  
s imula tpr  prehea ter  c o i l ,  F igure  18, and t h e  sodium h e a t e r  c o i l  subassemblies  
were postweld annealed dur ing  one furnace  run. The a p p l i c a t i o n  of t h e  high 
emit tance coa t ing  t o  t h e  condenser,  which i s  descr ibed  i n  t h e  next  s e c t i o n  of 
t h i s  r e p o r t ,  was done fo l lowing  anneal ing of t h i s  component. Qual i ty  assurance  
specimens included wi th  t h e  furnace  run were 1.0-inch and 0.375-inch d iameter '  
tubes ,  and two specimens of 0.040-inch t h i c k  Cb-1Zr sheet. 
Af te r  pos i t i on ing  of t h e  three subassemblies,  t h e  fu rnace  was evacuated 
overn ight  w i t h  h o t  water c i r c u l a t i n g  through t h e  coo l ing  Channels t o  promote out -  
gassing.  After  t u rn ing  on t h e  co ld  water ,  fu rnace  vacuum was 1 x t o r r .  A t  
t h i s  po in t ,  furnace power was turned on and t h e  components were hea ted  t o  
600'F f o r  two hours. 
c reased  t o  2.5 x lov4  torr then decreased to  8 x 10-6 t o r r  a t  t h e  end of two 
hours  a t  600'F. 
During t h e  f i r s t  one-half hour,  t h e  furnace  p r e s s u r e  in -  





Figure  17. Turbine Simulator ,  Condenser/Subcooler and Subcooler Reservoi r  of 
t h e  Pro to type  Corrosion h o p  Before ( a >  and Following (b) Appli- 
c a t i o n  of t h e  I r o n  T i t ana te  Coat ing.  
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it 
Figure 18. Preheater/Boiler/First Stage Turbine Simulator Assembly Wrapped 
(Orig. C65031235) with Cb-1Zr Alloy Foil P r i o r  to Annealing. 
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one and one-half hours.  During t h i s  time, furnace  p res su re  increased  t o  8 x 
t a r r  a t  1200°F, then decreased t o  2 .5  x t o r r  a t  2200°F. During t h e  one-hour 
anneal ing run a t  2200°F, t h e  p re s su re  decreased t o  8 x t o r r .  Approximately 
t h r e e  minutes from the end of t h e  furnace run, a series of s m a l l  p r e s su re  pu l ses  
ind ica t ed  an  in t e rmi t t en t  e l e c t r i c a l  shor t  between a component and t h e  furnace  
elements.  The run w a s  immediately terminated. A f t e r  overnight  cool ing,  t h e  
subassemblies were removed from t h e  furnace and t h e  poin t  of e l e c t r i c a l  con tac t  
was found a t  t h e  end of t h e  process  tube on the  sodium h e a t e r  c o i l .  No harm 
was done s i n c e  t h i s  tube  had excess length which w a s  removed before  f i n a l  assembly. 
During the  postweld annea l ing  operat ion,  t h e  area between t h e  n i n e  
s t a g e  t u r b i n e  s imula tor  and t h e  condenser bent s l i g h t l y  caus ing  a misalignment 
of t h e s e  components. This  cond i t ion  w a s  co r rec t ed  by manual s t r a i g h t e n i n g  i n  
t he  welding chamber us ing  a tungsten i n e r t  arc torch t o  hea t  t h e  bent region.  
10. Condenser F in  Coating Application 
The use  of a h igh  emit tance coa t ing  of i r o n  t i t a n a t e  (Fe2Ti05) w a s  
suggested by t h e  NASA Contract  Manager t o  i n c r e a s e  t h e  hea t  r e j e c t i o n  c a p a b i l i t y  
of t h e  0.25-inch t h i c k  x 4-inch wide x 60-inch long Cb-1Zr condenser f i n .  A 
NASA sponsored s tudy c u r r e n t l y  underway a t  P r a t t  & Whitney A i r c r a f t  (11) has  
i n d i c a t e d  t h a t  t h i s  coa t ing  has a t t r a c t i v e  p r o p e r t i e s .  T e s t  specimens were 
coated by R. Emanuelson of P r a t t  & Whitney A i r c r a f t  and evaluated by General 
E l e c t r i c  fo r  thermal cyc l ing  c h a r a c t e r i s t i c s  under test cond i t ions  q u i t e  s i m i l a r  
+c? t h n e  of the Prototvpe Loop. 
Most of t h e  r e s u l t s  of t h e  coa t ing  eva lua t ion  test  were repor ted  i n  
t h e  previous progress  r e p o r t  (12).  N o  changes i n  t h e  temperature p r o f i l e  as 
a r e s u l t  of thermal c y c l i n g  o r  test dura t ion  were noted. The su r face  appear- 
ance of t h e  coated specimen fol lowing the eva lua t ion  test i s  shown i n  F igu re  
19 (a )  and (b) .  No s i g n i f i c a n t  a l t e r a t i o n  i n  t h e  before  and a f te r  test appear- 
ance was de t ec t ed  by examination with a steromicroscope a t  30 diameters. Cross- 
s e c t i o n s  of t h e  coa t ing  and Cb-1Zr s u b s t r a t e  before  and a f t e r  test a r e  shown i n  
F igu re  19 (c )  and (d ) .  Some evidence of c racking  and i n t e r f a c e  sepa ra t ion  i s  
apparent  i n  t h e  t e s t e d  f i n  i n  the  h igh  temperature (1500°F) region.  Areas of 
t h e  f i n  which were a t  lower temperatures (1070°-12800F) had t h e  same metal- 
l og raph ic  appearance a s  t h e  before  test specimen. Since no changes were de tec t ed  
i n  t h e  temperature  p r o f i l e  as a func t ion  of test  t i m e ,  t h e  d e t e r i o r a t i o n  ob- 
served had a n e g l i g i b l e  e f f e c t  on t h e  heat r e j e c t i o n  c h a r a c t e r i s t i c s  of t h e  
c o a t i n g  . 
A f t e r  success fu l  conclusion of t h e s e  tests, a s t a i n l e s s  steel mockup 
of t h e  condenser w a s  f a b r i c a t e d  and shipped t o  W a t t  & Whitney A i r c r a f t  f o r  




















P r i o r  t o  a p p l i c a t i o n  of t h e  i ron  t i t a n a t e  c o a t i n g  t o  t h e  Cb-1Zr f i n ,  
t h e  s u r f a c e  of t h e  Cb-1Zr f i n  w a s  g r i t  b l a s t ed  wi th  50-micron alumina. Each 
f i n  s i d e  w a s  g r i t  b l a s t e d  j u s t  p r i o r  t o  a p p l i c a t i o n  of t h e  coa t ing .  Previous 
c o a t i n g  tests i n d i c a t e d  t h a t  poor adherence of t h e  c o a t i n g  t o  t h e  metal s u r f a c e  
has  r e s u l t e d  when t h e r e  i s  a cons iderable  t i m e  de l ay  ( i n  excess Df a few hours) 
between t h e  g r i t  b l a s t i n g  and c o a t i n g  opera t ions .  During g r i t  b l a s t i n g  and 
coa t ing ,  aluminum t a p e  w a s  used t o  mask o f f  o t h e r  r eg ions  of t h e  condenser. 
The c o a t i n g  w a s  app l i ed  by means of a plasma-arc device  (Plasmatron) u t i l i z i n g  
a rgon  t o  form t h e  plasma. Conditioning t h e  s u r f a c e  by going over  i t  completely 
wi th  t h e  argon plasma on ly  (no i r o n  t i t a n a t e  f eed  i n t o  t h e  plasma) has  a l s o  
been found t o  promote adherence and t h i s  approach w a s  used. Each pass  gave 
an  i r o n  t i t a n a t e  depos i t  l/Z-inch t o  3/4-inch wide, and a f t e r  each pass  of t h e  
gun back and f o r t h  over  t h e  l e n g t h  of t h e  f i n ,  t h e  gun w a s  manually indexed 
about 1/4 inch. Each pass  l a i d  down a depos i t  about 1/2 m i l  i n  t h i ckness .  A 
t o t a l  coa t ing  th i ckness  of approximately 3 m i l s  w a s  ob ta ined .  The tempera ture  
of t h e  back s i d e  of t h e  condenser f i n  was monitored du r ing  a p p l i c a t i o n  of t h e  
c o a t i n g  and d i d  not  exceed 300'F. The coa ted  condenser subassembly i s  shown 
i n  F i g u r e  17 (b ) .  
C. A l k a l i  Metal P u r i f i c a t i o n  and Transfer  Systems f o r  t h e  Pro to type  Corrosion 
Loop -
-. 'Kne appruacii iikick hzs heell 1-sed in  t h e  p repa ra t ion  of t h e  sodium and potas- 
sium f o r  t h e  Pro to type  Loop has  been t o  p rocure  t h e  h i g h e s t  q u a l i t y  a l k a l i  metals, 
s u b j e c t  them t o  p u r i f i c a t i o n  techniques designed t o  f u r t h e r  reduce t h e  impur i ty  
concen t r a t ions ,  t r a n s f e r  them t o  t h e  loops us ing  equipment and techniques  de- 
s igned  t o  reduce t h e  p o s s i b i l i t y  of recontamination t o  a minimum, and f i n a l l y  
t o  re-analyze the a l k a l i  metal a f t e r  i t  has  been f l u s h e d  through t h e  loop t o  
i n s u r e  i t s  p u r i t y .  
1. General Desc r in t ion  of P u r i f i c a t i o n  and Trans fe r  Eauinment 
F igu re  20 shows a s i m p l i f i e d  schematic of both t h e  sodium and potassium 
p u r i f i c a t i o n  and t r a n s f e r  s y s t e m s ,  and F igu re  2 j  shows t h e i r  s p a t i a l  arrange- 
ment i n  r e l a t i o n  t o  t h e  Pro to type  Loop and t e s t  chamber. Re fe r r ing  t o  F igu re  
20, t h e  process ing  s t e p s  proceed f r o m l e f t  t o  r i g h t .  The s t e p s  are as fo l lows :  
So d i  um Po t a  s s i um 
a. F i l t r a t i o n  a .  F i l t r a t i o n  
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Sodium 
c. F i l t r a t i o n  
d .  Transfer  t o  Charge Pot 
c .  F i l t r a t i o n  
d .  D i s t i l l a t i o n  
Po t a  s s i um 
e. Transfer  t o  Loop e. F i l t r a t i o n  
f .  T rans fe r  t o  Charge Pot 
The main purpose of t h e  Pro to type  Loop i s  t o  s tudy  c o r r o s i v e  and e r o s i v e  
i n t e r a c t i o n s  between potassium and t h e  secondary c i r c u i t  components which are 
f a b r i c a t e d  of s p e c i a l l y  s e l e c t e d  a l l o y s ;  consequently,  t h e  potassium w i l l  be 
d i s t i l l e d  as w e l l  as ho t  t rapped  i n  o r d e r  t o  reduce t h e  r e s i d u a l  metall ic i m -  
p u r i t i e s  t o  a minimum. F u r t h e r  more, t h e  potassium w i l l  con tac t  s t a i n l e s s  
s tee l  only  a t  temperature less than  300°F a f t e r  i t  has  b e e n : d i s t i l l e d .  During 
d i s t i l l a t i o n ,  t h e  condensing vapDr and d i s t i l l a t e  w i l l  con tac t  Cb-1Zr a l l o y  
only .  The d i s t i l l a t i o n  w i l l  be performed under vacuum wi th  c o n d i t i o n s  such 
t h a t  on ly  su r face  evapora t ion  t a k e s  p l ace ,  i . e . ,  a c t u a l  b o i l i n g  i s  avoided. 
I n  t h i s  way, recontamination of t h e  d i s t i l l a t e  by t h e  c a r r y  over  of l i q u i d  
drops i s  avoided, 
F i l t r a t i o n  w i l l  be performed dur ing  each t r a n s f e r  o p e r a t i o n  except f o r  
t h e  f i n a l  t r a n s f e r  from t h e  charge  p o t s  t o  t h e  loops .  These f i l t e r s  have a 
nominal pore s i z e  of 5 microns and should prevent  t h e  t r a n s f e r  of p a r t i c u l a t e  
matter which may be  l e f t ,  i n a d v e r t a n t l y ,  i n  any p u r i f i c a t i o n  component o r  
which may be produced dur ing  t h e  p u r i f i c a t i o n  s t e p s .  
Every e f f o r t  is  made t o  produce and main ta in  an immaculately c l e a n  
s y s t e m  and a l l  components are helium l eak  checked a f t e r  f a b r i c a t i o n  and a f t e r  
assembly. The t o t a l  l eak  r a t e  of t h e  e n t i r e  system must be  less than  5 x 10- 
s t d  cc of a i r  p e r  second. 
10 
2.  Sodium P u r i f i c a t i o n  System 
The sodium p u r i f i c a t i o n  s y s t e m  used f o r  t h e  Pro to type  Loop i s  t h e  
same one as used previous ly  f o r  Loop 11. Th i s  s y s t e m  i s  shown be fo re  f i n a l  
c l o s u r e  i n  F igure  22 and a f t e r  f i n a l  assembly i n  t h e  e l e c t r i c a l l y  hea ted  oven 
i n  F igu re  23. The c o n t r o l  panel i s  shown i n  F i g u r e  24. The hot t r a p  c o n s i s t s  
of a Type 316 s t a i n l e s s  steel body, c o n t a i n i n g  a t i t an ium l i n e r  and a zirconium 
g e t t e r ,  and is  f i t t e d  w i t h  a vacuum-inert gas  l i n e ,  thermocouple w e l l ,  and d i p  
l e g .  The r a t i o  of t h e  s u r f a c e  area of t h e  0.012-inch t h i c k  zirconium f o i l  t o  
t h e  mass of sodium i n  t h e  hot  t r a p  i s  1 in2/5'gm. 
a charge  pot  through a p o s i t i v e  r e t u r n  va lve .  A l l  va lves  are of t h e  bellows 
s e a l e d  type .  Angle type  va lves  are used wherever t h e  p o s s i b i l i t y  e x i s t s  t h a t  
sodium mus t  be c leaned  o u t  of them, and they  are o r i e n t e d  so t h a t  t h e  bellows 
are  on t h e  hot t r a p  s i d e  of t h e  seat .  Th i s  arrangement permi ts  them t o  be  
The d i p  l e g  i s  connected t o  
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Figure 22 .  Sodium Hot Trap  and Charge Tank. (Orig.  C64041327) 
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.e t o  
lystem 
Here 
Figure 23. Sodium Purification S y s t e m  Showing Hot Trap and Charge Tank After 
Installation in Oven.  C o v e r  Panels Removed to Take Picture. 
( O r i g  . C65041402) 
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Figure 24.  Contro l  panel  of Sodium P u r i f i c a t i o n  System f o r  t h e  Pro to type  
Corrosion Loop. (Orig. C65041401) 
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completely and e a s i l y  c leaned  back t o  t h e  seat  whenever i t  i s  necessary.  
components of t h e  ho t  t r a p  except ing  the t i t an ium l i n e r  and zirconium g e t t e r  
a r e  msde of a u s t e n i t i c  s t a i n l e s s  steel. The oven i s  used t o  main ta in  t h e  com- 
ponents a t  a temperature above t h e  mel t ing  poin t  of sodium dur ing  t h e  t r a n s f e r ,  
All 
The vacuum sys t em which i s  used t o  evacuate t h e  s y s t e m  c o n s i s t s  of a 
25 l i t e r  p e r  second, t r i o d e  type ,  g e t t e r - i o n  pump backed up by a molecular 
s i e v e  so rp t ion  t r a p  and a 140 l i t e r  per  minute mechanical vacuum pump. 
u l t r a  h igh  pu r i ty  argon i s  used as a cover gas .  
Matheson 
3. Sodium P u r i f i c a t i o n  
The sodium f o r  t h e  Pro to type  Loop w a s  ho t  t rapped  i n  t h e  s y s t e m  j u s t  
descr ibed  a t  1300' t o  1400'F f o r  48 hours.  The  p u r i f i e d  product w a s  analyzed 
f o r  oxygen using t h e  amalgamation method and f o r  metall ic i m p u r i t i e s  u s ing  
emission spectrography. The  r e s u l t s  are shown i n  Table  V I ,  I t  w i l l  be noted 
t h a t  a l l  elements analyzed f o r ,  except ing  oxygen, calcium, and s i l i c m ,  are 
below t h e  de t ec t ion  l i m i t s ;  and t h a t  the  concen t r a t ions  of t hose  elements which 
were de tec t ed  were extremely low. 
4.  Potassium P u r i f i c a t i o n  System 
The  potassium p u r i f i c a t i o n  sys t em c o n s i s t s  of two major components: 
t h e  hot  t r a p  and t h e  s t i l l ,  The h o t  t r a p  i s  shown i n  F igu res  25 and 26 be fo re  
and a f t e r  assembly, I t  c o n s i s t s  of a Type 316 s t a i n l e s s  s tee l  body con ta in ing  
a t i t an ium l i n e r  and a zirconium get ter  and is  f i t t e d  w i t h  a f i l l  l i n e ,  gas 
l i ne ,  d i p  l e g ,  thermocouple w e l l ,  and a l i q u i d  l e v e l  measuring tube .  The r a t i o  
of t h e  su r face  a r e a  of t h e  0.012-inch t h i c k  zirconium f o i l  t o  t he  mass of potas- 
sium i n  t h e  hot t r a p  i s  1 in2/5 gm. 
used f o r  t h e  sodium hot t r a p .  The d i p  l e g  i s  f i t t e d  wi th  a s ta in less  steel 
f i l t e r  having a nominal pore s ize  of 5 microns. 
The same type  of va lv ing  i s  used as w a s  
Liquid metalvolumes w i l l  be  measured by t h e  pressure-volume technique  
and checked by thermal g rad ien t  measurements a long  the  thermocouple w e l l s .  
The potassium s t i l l  i s  shown unassembled and assembled i n  F igu res  27 
and 2 8 ,  r e spec t ive ly .  I t  c o n s i s t s  of a s t a i n l e s s  steel s t i l l  po t ,  a c o a x i a l  
t ube  type ,  a i r  cooled condenser, t h e  i n n e r  t ube  of which i s  Cb-lZr, and a 
Cb-1Zr r ece ive r .  The s e l e c t i o n  of t h e  c o a x i a l  t ype  condenser w a s  based on 
a d e s i r e  t o  prevent t h e  d i s t i l l a t e  from c o n t a c t i n g  any metal except C b - 1 Z r  a t  
high temperature ,, 
Heat r e j e c t i o n  i n  t h e  condenser i s  accomplished by conduction a c r o s s  
t h e  l i q u i d  potassium i n  t h e  annular  space  between the  two tubes .  The potas- 
s i u m  w i l l  be forced i n t o  t h i s  space from t h e  h o t  t r a p  p r i o r  t o  d i s t i l l a t i o n  
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TABLE V I .  CHEMICAL ANALYTICAL RESULTS ON SODIUM FOR THE PROTOTYPE 
CORROSION LOOP FOLLOWING THE HOT TRAP PURIFICATION TREATMENT 
E l  emen t 
C a  
C b  
co 






N i  
Pb 
S i  
§n 
T i  
v 
Z r  
C h e m i c a l  A n a l y s i s  
x) Dm 
4,  9 
< 1  
<1 
10 








< 1  
< 1  
< 5  
< 1  
1 
< 5  
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Evacuation and G a s  
Fill / Preasurization Line 
F igure  26. Hot Trap f o r  Pur i fy ing  Potassium f o r  t h e  Pro to type  Corrosion Loop. 









Figure 28. Potassium Distillation Unit After Assembly. (Orig. C65041404) 
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by means of t he  small t u b e  shown a t  t h e  e x i t  end of t he  condenser. The d e t a i l s  
of t h e  cons t ruc t ion  of t h e  e n t r y  end of t h e  coax ia l  condenser are  shown i n  
F igu re  29. 
The s t i l l  pDt i s  f i t t e d  w i t h  a f i l l  l i n e  and a thermocouple w e l l ,  
and Lie r e c e i v e r  i s  provided w i t h  a vacuum l i n e ,  s i g h t  p o r t ,  thermocouple 
w e l l ,  and dip l e g ,  
t o  t h e  bottom of t h e  r e c e i v e r  t o  minimize sp l a sh .  Also, a n  o p t i c a l  b a f f l e  i s  
provided t o  prevent l i n e  of s i g h t  evapora t ion  from t h e  e x i t  of t he  condenser 
t o  t ’ e  vacuum l i n e .  S t a i n l e s s  s tee l  t o  Cb-1Zr brazed j o i n t s  a re  used t o  make 
the  t r a n s i t i o n  between t h e  two a l l o y s .  
A sp i l lway  o r  trough ex tends  from the  e x i t  of t h e  condenser 
The vacuum s y s t e m  f o r  t he  potassium p u r i f i c a t i o n  system c o n s i s t s  of 
a 100 l i t e r  p e r  second, t r i o d e  type,  g e t t e r - i o n  pump backed up by a c ryogenic  
s o r p t i o n  pump and a 140 l i t e r  pe r  minute mechanical pump. A l i q u i d  n i t r o g e n  
cooled  o p t i c a l  t r a p  i s  provided between t h e  h igh  vacuum va lve  t o  t h e  s t i l l  
r e c e i v e r  and t h e  g e t t e r - i o n  pump t o  prevent d i f f u s i o n  of potassium vapor t o  
t h e  pump. 
This high vacuum system and the  a s s o c i a t e d  vacuum-argon manifold were 
The assembled, in te rconnec ted  and mounted on t h e  d o l l y  as shown i n  F igu re  30. 
s y s t e m  was piimped down t o  5 x 10-6 t o r r  and then  helium leak checked. No 
leaks were de tec ted  us ing  a helium mass spec t rometer  having a s e n s i t i v i t y  of 
5 x lo-’’ s t d  cc of a i r  p e r  second. The h o t  t r a p  and s t i l l  w i l l  a l s o  be mounted 
on t h i s  do l ly .  
A v a r i e t y  of va lves  has been used i n  t h e  vacuum system and t h e  vacuum- 
argon manifold. The i r  s e l e c t i o n  w a s  based on conductance and vacuum requ i r e -  
ments, maximum bakeout temperature,  and whether bakeout w a s  t o  be performed 
wi th  t h e  valve open o r  c losed .  A l l  components a re  made of a u s t e n i t i c  s t a i n l e s s  
s teel  except  f o r  t h e  Viton O-rings which are used i n  some of t he  va lves ,and  t h e  
copper gaske ts  used i n  f l a n g e s .  In t e rconnec t ions  are made by welding o r  u s ing  
ConFlat* f l anges .  
5. Sodium and Potassium Trans fe r  Systems 
The  sodium and potassium t r a n s f e r  s y s t e m s  are m i r r o r  images of one 
another  and are  mounted i n  t h e  same oven enc losu re  as shown i n  F i g u r e  31, A l l  
components and l i n e s  a r e  made of a u s t e n i t i c  s t a i n l e s s  s t ee l .  The charge  p o t s  
are s i z e d  t o  d e l i v e r  the  r equ i r ed  amount of l i q u i d  metal t o  t he  loop  su rge  
tanks .  
* Varian Assoc ia tes ,  Pa lo  Al to ,  C a l i f o r n i a .  
---------------______ 
T 6 S ta in l e s s  S tee l  
Condenser Jacket Flange 
/Prior t o  Welding of Con- 
Figure 29. High Vacuum Potassium S t i l l ,  P a r t i a l l y  Assembled, Showing Annular 
Arrangement of Cb-1Zr Inner  Tube and Type 316 S t a i n l e s s  S t e e l  Outer  
Tube of Condenser. 
T rans fe r  f o r  Condensing. (Orig.  C65040929) 




t o  
I r  
Figure  31. Sodium and Potassium Transfer  Systems f o r  t h e  Pro to type  Corrosion 
Loop After I n s t a l l a t i o n  i n  Oven Enclosure.  Cover Panels  Removed t o  
Take P i c t u r e .  (Orig. C65040926) 
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6.  Alka l i  Metal Samdine: Devices 
An assembled alkali  metal sampler i s  shown i n  F i g u r e  32. I t  c o n s i s t s  
of a s t a i n l e s s  steel body which i s  a c t u a l l y  an overflow r e s e r v o i r ,  capped by 
a s i g h t  por t  and f i t t e d  wi th  a f i l l  l i n e  and vacuum-argon l i n e .  The f i l l  l i n e  
p e n e t r a t e s  t h e  bottom of t h e  r e s e r v o i r  such tha t  t h e  t o p  of the  f i l l  l i n e  i s  
a t  about t h e  same l e v e l  as t h e  e n t r y  p o r t  of t h e  vacuum-argon l i n e .  I n  oper- 
a t i o n ,  a specimen tube  i s  pos i t i oned  between t h e  Conoseal* tube  union below 
t h e  f i l l  l i n e  va lve  and a s imilar  union on t h e  a l k a l i  metal sampling va lve  on, 
f o r  example, the  t r a n s f e r  sys t em.  The  sampler i s  evacuated and s u f f i c i e n t  
a l k a l i  metal overflowed i n t o  t h e  r e s e r v o i r  t o  f l u s h  t h e  specimen tube and fill 
l i n e .  T h e  sampler i s  then  p res su r i zed  w i t h  argon, and t h e  a l k a l i  metal i s  
allowed to  freeze. The  specimen i s  p res su r i zed  du r ing  coo l ing  t o  minimize t h e  
occurrence  of vo ids .  Both va lves  on t h e  sampler may be completlg disassembled 
t o  f a c i l i t a t e  c l ean ing .  The  assembled sampler i s  evacuated and helium l e a k  
checked before t ak ing  a d d i t i o n a l  samples.  
7. Welding: and Brazing Methods Used i n  F a b r i c a t i n g  ComDonents 
The welding of s t a i n l e s s  s teel  and Cb-1Zr w a s  performed i n  accordance 
w i t h  s p e c i f i c a t i o n s  SPPS-41 and 3C, r e s p e c t i v e l y ,  except t h a t  postweld heat 
t r ea tmen t s  have not been performed s i n c e  these components a re  in tended  f o r  low 
tempera ture  u s e  on ly .  P repa ra t ion  of s t a i n l e s s  s teel  t o  C b - 1 Z r  brazed j o i n t s  
has  been i n  accordance w i t h  s p e c i f i c a t i o n  SPPS-SA, T h e  cobal t -base  braze 
a l l o y  AMI-400** (General Electric F l i g h t  Propuls ion  Div i s ion  S p e c i f i c a t i o n  
B50T56) w a s  used t o  make t h e  b i m e t a l l i c  j o i n t s .  The t i t a n i u m  ho t  t r a p  l i n e s  
were welded under helium i n  t h e  welding chamber under c o n d i t i o n s  comparable 
t o  those  used fo r  welding t h e  Cb-1Zr components. 
D. Prototype Corrosion Loop Components and Ins t rumen ta t ion  
1. P a r t i a l  P re s su re  A n a l y z e r  f o r  Pro to type  Loop Chamber 
The p a r t i a l  p r e s s u r e  ana lyze r  f o r  t he  Pro to type  Loop chamber has been 
a d j u s t e d  f o r  optimum performance and c a l i b r a t e d  f o r  hydrogen, helium, n i t r o g e n  
and argon. The ana lyzer  t ube  (GE Model 22PT120) has  an  exposed i o n  source  and 
t h u s  should y i e l d  p a r t i a l  p re s su re  data cor responding  c l o s e l y  t o  t h e  a c t u a l  
p re s su res  wi th in  t h e  chamber due t o  t h e  very  h igh  conductance between t h e  
chamber and mass spec t rometer  i o n  source .  The a n a l y z e r  t ube  i s  mounted on 
t h e  chamber sump. The e l e c t r o n i c  c o n t r o l  used t o  o p e r a t e  t h e  new ana lyze r  
t ube  i s  a GE Model 2 2 x 1 2 0 ,  an improved v e r s i o n  of t h e  p rev ious ly  a v a i l a b l e  
* Marmon Division, Aeroquip Corpora t ion .  
** Alloy Metals, Inc . ,  D e t r o i t ,  Michigan. 
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t 
TO Fit Sample Source 
, 
Conoseal Tube Union 
To Vacuum-Argon Manifold J 
i Figure 32. A l k a l i  Metal S a m p l i n g  D e v i c e .  ( O r i g .  C65073022)  
I -57- 
u n i t .  T h i s  new c o n t r o l  has  both loga r i thmic  and l i n e a r  readout ,  p rov i s ions  f o r  
s i n g l e  peak monitoring, and improved s t a b i l i t y  i n  t h e  a c c e l e r a t i n g  vo l t age  c i r -  
c u i  t r y  . 
A b a f f l e  has been f a b r i c a t e d  and loca ted  i n  t h e  duc t  betweell t h e  g e t t e r -  
i o n  pump and t h e  chamber sump. Th i s  b a f f l e  i s  a c i r c u l a r  p i e c e  of s t a i n l e s s  
steel s h e e t  which, i n  t h e  c l o s e d  p o s i t i o n ,  n e a r l y  b locks  t h e  opening t o  t h e  
pump. The b a f f l e  may be r o t a t e d  around i t s  diameter by a magnet ica l ly  ope ra t ed  
r o t a r y  feedthrough (Varian 954-5026) so t h a t ,  i n  t h e  open p o s i t i o n ,  t h e  t o t a l  
duc t  conductance is obta ined .  
This b a f f l e  may be p a r t i a l l y  o r  completely c l o s e d  whenever i t  i s  de- 
s i r e d  t o  decrease t h e  gas load  t o  t h e  g e t t e r - i o n  pump. The b a f f l e  i s  used on 
i n i t i a l  s t a r t u p  of t h e  pump and dur ing  chamber bakeout when t h e  gas  load  may 
be p a r t i c u l a r l y  h igh ,  The b a f f l e  w a s  a l s o  c losed  du r ing  admission of gases  
used t o  c a l i b r a t e  t h e  p a r t i a l  p re s su re  ana lyze r  t o  prevent  excess ive  gas  flow 
t o  t h e  pump while main ta in ing  r e l a t i v e l y  h igh  chamber p re s su res .  Th i s  was 
p a r t i c u l a r l y  u s e f u l  f o r  t h e  helium and argon c a l i b r a t i o n  s i n c e  t h e s e  i n e r t  
gases  are not e f f e c t i v e l y  removed by t h e  g e t t e r - i o n  pump. 
The p a r t i a l  p re s su re  analyzer  c a l i b r a t i o n  procedure has  been desc r ibed  
i n  a previous r e p o r t  (13).  With t h e  b a f f l e  c losed ,  a pure gas was admi t ted  
t o  t h e  chamber, a reading  of t h e  i o n  gauge w a s  made, and a mass spectrum was 
ob ta ined .  T h i s  process was repea ted  a t  va r ious  p re s su res  f o r  each of t h e  
f o u r  c a l i b r a t i n g  gases.  
p a r t i a l  p ressures  of gases  o t h e r  than  t h e  c a l i b r a t i n g  gas were p r e s e n t .  The 
average s e n s i t i v i t y  of t h e  p a r t i a l  p r e s s u r e  ana lyze r  f o r  each of t h e  c a l i b r a t i n g  
gases  w a s  then c a l c u l a t e d .  The s e n s i t i v i t y  i s  he re  de f ined  as t h e  ana lyze r  
i on  c u r r e n t  divided by t h e  p r e s s u r e  i n d i c a t e d  by t h e  i o n  gauge. The s e n s i t i v i t y  
f o r  each of the  f o u r  c a l i b r a t i n g  gases  i s  p l o t t e d  i n  F i g u r e  33. Although a 
smooth cu rve  is  u s u a l l y  obta ined  wi th  such a p l o t ,  i n  t h i s  p a r t i c u l a r  case t h e  
helium s e n s i t i v i t y  appears  t o  be low, The s e n s i t i v i t y  of gases  f o r  which no 
c a l i b r a t i o n  has been made i s  ob ta ined  by e x t r a p o l a t i n g  a smooth cu rve  through 
t h e  two poin ts  a t  h ighe r  masses .(N2 and A) as shown by t h e  dashed l i n e  i n  F i g u r e  
33. This  p a r t i c u l a r  pa r t i a l  p r e s s u r e  ana lyze r  has  been found t o  be extremely 
s e n s i t i v e ,  due p r i n c i p a l l y  t o  c e s i a t i o n  of t h e  e l c t r o n  m u l t i p l i e r  by h igh  
tempera ture  bakeout. The s e n s i t i v i t y  t o  hydrogen i s  about a f a c t o r  of 700 
g r e a t e r  than  t h a t  ob ta ined  f o r  t h e  analyzer  used f o r  t h e  Loop I1 tests (13) .  
Experience with p a r t i a l  p r e s s u r e  ana lyze r s  on t h e  p r e s e n t  program demonstrates 
t h e  wide v a r i a t i o n  of s e n s i t i v i t y  from one a n a l y z e r  t o  ano the r  and a l s o  from 
one gas t o  another f o r  a p a r t i c u l a r  ana lyze r .  
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Figure 33. Sensitivity of Prototype Loop Partial Pressure Analyzer, 
Calibration (3-3-65). 
Initial 
A summary of t h e  d a t a  obtairIed from F i g u r e  33 i s  given i n  Table V I 1  
along wi th  values t o  be used t o  convert  ana lyze r  i on  c u r r e n t  t o  i o n  gauge 
p a r t i a l  p ressure  o r  t o  t h e  t r u e  p a r t i a l  p re s su re .  
I n  Table VIII are giver- p a r t i a l  p re s su res  c a l c u l a t e d  from a t y p i c a l  
m a s s  spectrum showing t h e  r e s i d u a l  gases i n  t h e  chamber wi th  t h e  b a f f l e  open. 
The peak a t  m / e  = 20 is  a t t r i b u t e d  t o  neon s i n c e  t h e  Ne22+ i s o t o p e  w a s  a l s o  
observed. The c a l c u l a t e d  p a r t i a l  p re s su re  of neon has  been c o r r e c t e d  f o r  t h e  
c o n t r i b u t i o n  from A+'. 
and i t s  presence i s  a matter of some c u r i o s i t y .  I t  i s  i n t e r e s t i n g  t o  no te ,  
however, t h a t  t h e  r a t i o  of t h e  t r u e  neon p r e s s u r e  t o  t h a t  of helium i s  about 
t h e  same a s  t h e  r a t i o  of t h e  corresponding p a r t i a l  p re s su res  i n  t h e  atmosphere. 
The peak a t  m / e  = 28 is a t t r i b u t e d  t o  32 s i n c e  no peak a t  m / e  = 12  w a s  observed 
and t h e  r a t i o  of t h e  28 t o  14 peak 1s t h e  same as t h a t  ob ta ined  i n  t h e  n i t r o g e n  
c a l i b r a t i o n .  Thus, t h e  major residunL gases  are H 2 ,  N2 and Me', The low H20 
and C02 i n d i c a t e  t h a t  t h e  sys t em has  been w e l l  baked and i s  thus  f r e e  of ad- 
sorbed gases .  The high M2 and r e l a t i v e l y  high 02 i n d i c a t e s  a i r  leakage .  The 
agreement between t h e  ion  gauge readirig and t h e  sums of both t h e  i o n  gauge and 
t r u e  p a r t i a l  p re s su res  i s  e x c e l l e n t  
Neon i s  not  g e n e r a l l y  cbserved i n  r e s idue1  gas  s p e c t r a  
2 ,  C a l i b r a t i o n  of Refrac tory  AT !cy Thernocouple Wire i r r  a Vacuum Furnace 
---I)- 
C a l i b r a t i o n  of t he  thermocouple w i r e  t o  be used i n  t h e  l oop  test  w a s  
conducted i n  a high vacuun envirufiment w i t h  sample thermocouples made from t h e  
same spoo l s  of w i r e  which w i l l  'be used t o  irlstrument t h e  P ro to type  Loop. The 
fo l lowing  i s  a d e t a i l e d  d e s c r i p t i a n  c f  t h e  appa ra tus  used, t h e  cor i f igura t ion  
of t h e  c a l i b r a t i o n  thermocoupies, and r4 d i s c u s s i o n  of t h e  test  r e s u l t s ,  inc lud-  
i n g  d a t a  requi red  to  d e f i n e  2 c h a r a c t e r i s t i c  curve  f o r  t h e  thermocouple w i r e .  
The c a l i b r a t i o n  wae conducted i n  a vacuum fu rnace  ck-amber c o n s t r u c t e d  
e s p e c i a l l y  f o r  t h e  purpose. A ske tch  of t h i s  u n i t  is shown i n  F i g u r e  34 I t  
c o n s i s t s  of a 6-inch 00 tube  approximately 2 f e e t  i n  l eng th  wi th  a p p r o p r i a t e  
high vacuum f langes  t o  provide access  t o  e i t k e r  end, A t o t a l  of seven 1.5- 
inch  p o r t s  were provided f o r  power and thermocouple l e a d  feedthroughs .  An 
isothernial  block, 2,6-inch OD and 15 inches  long  and made of Mo-TZM a l l o y ,  w a s  
mounted v e r t i c a l l y  i n  t h e  center of t h e  chamber, Various componegts of t h e  
c a l i b r a t i o n  s y s t e m  are shown i n  F i g u r e  3 5 ,  Thernocouples t o  be c a l i b r a t e d  w e r e  
i n s t a l l e d  i n  a 0.5-inch h o l e  d r i l l e d  a long  t h e  axis of t h e  bYcck approximately 
7 inches  deep from t h e  lower end, A s i m i l a r  h o l e  was provided from t h e  t o p  end 
of t h e  block with a 0,25-inch web between t h e  bottormb a t  t h e  two ho le s .  The 
upper h o l e  w a s  used f o r  o p t i c a l  pyrometer r ead ings  of block temperature.  
Standard r e f  erexce Pt/Pt-lO%Rh thermocouples w e r e  i n s t a l l e d  i n  t h e  bottom h o l e  
TABLE VI1 ~ PROTOTYPE LOOP PARTIAL PRESSURE ANALYZER CALIBRATION I (3-3-65) 
Ion Gauge 
S e n s i t i v i t y  
R e l a t i v e  t o  Nr 
1 
K i  
Torr/Amp 
Parent  K t 2  
Torr/Amp 
S e n s i t i v i t y  
Anp/To rr Spec ie  
72.3 0.0138 0.42 0.033 
He 4 
16 
0.059 0.19 0,031 
0.048 1.07 0.045 
18 0.053 0.89 0.060 
N e  28 
28 
0.056 0.33 0.17 
N O P  co 2 12.6 0.079 1.00 0.079 
O2 32 ( 1 0 ) ~  0.10 
A 40 5.74 0.17 





To o b t a i n  lon  gauge p a r t i a l  pressure,  mu l t ip ly  i o n  c u r r e n t y  
by K i .  
To o b t a i n  t r u e  p a r t i a l  pressure,  mu l t ip ly  i o n  c u r r e n t  by K t .  2 
Extrapola ted  va lues  from Figure 33 
3 
TABLE V I I I .  COMPARISON OF ION GAUGE PARTIAL PRESSURES AND 
TRUE PARTIAL PRESSURES OF VARIOUS SPECIES I N  THE PROTOTYPE LOOP  CHAMBER^ 
Parent  Ion  Curren t  
Spec ie  
6 , ,3  
H e  0.16 10-9 
cH4 0.1 10-9 
H20 0.03 10-9 
N e  0.9 10-9 
2.2 10-9 N2 
O2 0 , 1 3  10-9 
A 0.32 
TOTAL QF PARTIAL PRESSURES: 
I O N  GAUGE READING: 
Ion Gauge 
Tor r  
P a r t i  a1 Pressure2  
0.87 x 10-l' 
0.09 x 10-l0 
0.04 x 1 O - I '  
0.02 x 10-l0 
0.50 x 10"O 
1.74 x lo-'' 
0.13 x 
0.56 x 
3 .95  x 1 0 - l - O  
4 . 2  x 
True 
Tor r  
P a r t i a l  P re s su re  
- 
2.1 x 10-10 
0.50 x 10-l' 
0.045 x 10-l' 
0,018 x 10-10 
1.5 x 10-l' 
1.7 x 10-l' 
0,,15 x 
0.35  x 
-10 
6 , 4  x 10 
4 . 2  x 10-l' 
Chamber c o l d  and empty fo l lowing  bakeout.  
Ion Gauge P a r t i a l  P re s su re  i s  t h e  p a r t i a l  p r e s s u r e  uncorrec ted  f o r  
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t oge the r  wi th  t h e  W-3%Re/W-25%Re thermocouples t o  be c a l i b r a t e d .  The o p t i c a l  
pyrometer and t h e  Pt/Pt-lO%Rh thermocouples were used as independent means of 
measuring i so thermal  block temperatures .  
The i so thermal  block w a s  heated by means of a s p l i t  c y l i n d r i c a l  re- 
s i s t a n c e  element made from 0.005-inch th ick  tantalum f o i l .  The element was 
supported on t h e  450-amp feedthroughs so t h a t  i t  w a s  concen t r i c  wi th  t h e  i so-  
thermal block,  C y l i n d r i c a l  r a d i a t i o n  s h i e l d s  were provided t o  min imize  t h e  
hea t  l o s s e s  from t h e  element t o  t h e  walls o f  t h e  chamber. A t o t a l  of 12 
s h i e l d s  were cons t ruc t ed  of 0.005-inch th ick  f o i l  separa ted  by 0,020-inch 
tantalum w i r e .  A view i n t o  t h e  furnace  chamber p r i o r  t o  i n s t a l l a t i o n  of t h e  
i so thermal  block i s  shown i n  F igure  36. 
The copper w i r e  thermocouple leads  were brought o u t  through Varian 
n i c k e l  t u b e  feedthroughs which cons i s t ed  of e i g h t  0.040-inch I D  tubes  brazed 
i n t o  an alumina d i s c  which was brazed t o  a 2-3/4-inch OD h igh  vacuum f l ange .  
The copper w i r e s  were brazed i n t o  the  n icke l  tubes and connected t o  t h e  thermo- 
couple  l e a d s  wi th in  t h e  vacuum chamber i n  an extension tube  welded t o  t h e  
bottom f l a n g e  of t h e  vacuum chamber. During c a l i b r a t i o n  tests, t h e  ex tens ion  
t u b e  (1-inch OD x 16  inches  long)  conta in ing  t h e  w i r e  j u n c t i o n s  was immersed 
i n  an i ce  ba th  t o  e s t a b l i s h  t h e  co ld  junc t ion  r e fe rence .  
A Varian Model UHV-14 nude i o n i z a t i o n  gauge was i n s t a l l e d  i n  one of 
t h e  1.5- inch OD tube  ex tens ions  on t h e  furnace chamber by means of a 2-3/4- 
inch  OD f l a n g e .  The furnace  chamber w a s  a t t ached  t o  t h e  b e l l  j a r  of a Varian 
vacuum s y s t e m  con ta in ing  a 1000 l i t e r / s econd  ion  pump as shown i n  F igu re  37. 
A l s o  shown i n  t h i s  p i c t u r e  are t h e  switches and readout  instrument  used dur ing  
t h e  c a l i b r a t i o n .  The readout  instrument was a Honeywell P rec i s ion  I n d i c a t o r  
w i th  an accurancy of + 0.02% of any ind iv idua l  m i l l i v o l t  span from 1 t o  70 wi th  
a 3-microvol t dead band. 
An o p t i c a l  pyrometer was used t o  check t h e  a b s o l u t e  block tempera- 
t u r e .  The 1.5- inch viewport window mounted on t h e  upper chamber f l a n g e  and t h e  
s p e c i f i c  instrument  l e n s  had been c a l i b r a t e d  and c o r r e c t i o n  f a c t o r s  provided 
by c a l i b r a t i o n  were used t o  compensate ind iv idua l  readings.  Thermocouples t o  be 
c a l i b r a t e d  were arranged as shown i n  Figure 38. 
thermocouples made of 0.020-inch diameter w i r e  were s t rung  through a 4-hole 
99% p u r i t y  alumina i n s u l a t o r  (0.187-inch OD). A p i ece  of Cb-1Zr tub ing  (0.250- 
inch  OD) was d r i l l e d  o u t  t o  make a t i g h t  f i t  and w a s  s l i pped  over  t h e  4-hole 
i n s u l a t o r  con ta in ing  t h e  Pt/Pt-lO%Rh reference  thermocouples. Samples of t h e  
W-3%Re and W-25%Re w i r e  t o  be c a l i b r a t e d  were s t rung  through 2-hole 99% alumina 
i n s u l a t o r s  (0.062-inch OD) 30 inches long, and a 1-inch l e n g t h  of 2-hole 0.032- 







Two Hole - 0.062" OD --3 
A1203 (99.5%) Insulator 
'Jho Hole - 0.032" OD 






0.25" OD - 
W-3%- /W-2 5%- - Grounded Junction 
Thermocouple 
Four Hole Alumina 
Insulator with Two 
Pt/Pt  -1 O%Rh Thermo coup1 es 
Figure 38. Thermocouple Bundle Used in Calibration of W-3%Re/W-25%Re Thermo- 
couple Wire for the Prototype Corrosion Loop. (Orig. C65031521). 
-68- 
inch 99"5$ Be0 w a s  added t o  e l imina te  contac t  and p o s s i b l e  r e a c t i o n  between Cb-1Zr 
and alumina. Four such thermocouples were made from consecut ive  l eng ths  of w i r e  
t o  be used f o r  ins t rument ing  t h e  Prototype Loop. These i n d i v i d u a l  thermocouple 
assemblies  with f o u r  o t h e r  samples of d i f f e r e n t  w i r e  w e r e  a t t a c h e d  t o  t h e  insu-  
l a t o r  con ta in ing  t h e  r e fe rence  thermocouples by means of Cb-1Zr f o i l  s t r a p s .  
e n t i r e  assembly w a s  made r i g i d  t o  e l imina te  t h e  p o s s i b i l i t y  of s l i p p a g e  between 
var ious  p a r t s .  Three of t h e  hot  junc t ions  were formed by r e s i s t a n c e  welding 
t h e  ind iv idua l  a l l o y  wires t o  t h e  Cb-1Zr tube  i n  &manner s i m i l a r  t o  t h a t  t o  
be used i n  t h e  a c t u a l  l oop  a p p l i c a t i o n .  A copper a l l o y  t i p  w a s  used wi th  t h e  
spot  welder and t h e  weld area w a s  flooded wi th  argon dur ing  t h e  welding pro- 
cedure.  One hot  j u n c t i o n  was formed by t w i s t i n g  t h e  a l l o y  wires toge the r  wi th  
no spot  weld. Both types  of j u n c t i o n s  a r e  ev ident  i n  F igu re  38. 
The 
The assembly descr ibed  above was i n s e r t e d  i n  t h e  c a l i b r a t i o n  furnace  
a s  a s i r g l e  u n i t  and s t rapped  down t o  t h e  chamber s t r u c t u r e  so t h a t  none of t h e  
thermocouple wires was i n  con tac t  w i th  t h e  isothermal  block. Copper l e a d s  from 
t h e  vacuum feedthroughs were jo ined  t o  t h e  a l l o y  wires by t w i s t i n g  both w i r e s  
t oge the r .  A copper-constantan thermocouple junc t ion  w a s  l o c a t e d  i n  t h e  ex- 
terisior, t ube  t o  measure t h e  a c t u a l  co ld  j u n c t i o n  temperature ,  
D a t a  were recorded by manually s e l e c t i n g  t h e  ind iv idua l  thermocouple 
channels ,  balancing t h e  readout  instrument ,  and record ing  t h e  d a t a  on a l o g  
s h e e t ,  Th i s  process  r equ i r ed  approximately 2 minutes t o  complete and i t  w a s  
necessary  t o  main ta in  s t a b l e  condi t ions  dur ing  t h a t  t i m e  per iod .  Proof of 
s t a b i l i t y  w a s  achieved by reading t h e  re ference  thermocouple f i r s t ,  then t h e  
test  tb.emocouples,  and then  a re ference  thermocouple again.  When a change 
of more than  1 degree F w a s  de t ec t ed  between be fo re  and a f t e r  r e fe rence  thermo- 
couple  readings ,  another  d a t a  poin t  was taken a t  t h e  same cond i t ion .  A t  
t e n p e r a t u r e s  above 1300°F, o p t i c a l  pyrometer readings  were a l s o  taken.  These 
r equ i r ed  longe r  t i m e  per iods  and, i n  cases  where cond i t ions  herd changed s l i g h t l y ,  
the  r e f e r e n c e  thermocouples were read  a t h i r d  t i m e  t o  co inc ide  w i t h  t h e  o p t i c a l  
reading  
C a l i b r a t i o n  d a t a  were taken during t h r e e  temperature  cycles. During 
t h e s e  r u n s ,  t h e  p re s su re  i n  t h e  c a l i b r a t i o n  furnace  va r i ed  between a low of 2 
x IOm8 t o r r  a t  400°F and a h igh  of 6 x lom6 t o r r  a t  2400°F. 
thermocouples open c i r c u i t e d  during the f i r s t  heat-up due t o  a break i n  t h e  
W-3%Re l e g  a t  t h e  hot j unc t ion .  Therefore,  a l l  t h e  d a t a  t o  be presented  w e r e  
ob ta ined  wi th  two thermocouples, one with t h e  grounded j u n c t i o n  conf igu ra t ion  
and one wi th  t h e  tw i s t ed  i s o l a t e d  junc t ion  conf igura t ion .  Some d i f f i c u l t y  w a s  
experienced dur ing  t h e  c a l i b r a t i o n  runs i n  maintaining t h e  c o l d  j u n c t i o n  a t  
t h e  ice p o i n t  due t o  thermal conduction a long  t h e  alumina i n s u l a t o r .  This  
Two of t h e  f o u r  
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problem w i l l  be e l imina ted  i n  f u t u r e  c a l i b r a t i o n  runs  by us ing  a number of s h o r t  
i n s u l a t o r s  i n  place of the  continuous l e n g t h  used i n  t h i s  test. The f a c t  t h a t  
t h e  c o l d  junc t ion  temperatures Were o t h e r  than 32°F caused some problems i n  t h e  
d a t a  reduct ion  area and made i t  necessary  t o  o b t a i n  a d d i t i o n a l  d a t a  cover ing  t h e  
low temperature areas (up t o  150°F).  
Data were reduced by t h e  fo l lowing  procedure. 
S t e p  1. 
S t e p  2. 
S t e p  3 .  
S t e p  4. 
Step  5. 
S t e p  6. 
Cold j u n c t i o n  temperature w a s  converted from m i l l i v o l t s  
(copper cons tan tan  thermocouple) t O  degrees  F.  
Block temperature w a s  determined by adding an e m f  equi- 
va l en t  t o  t h e  c o l d  j u n c t i o n  temperature t o  t h e  r e fe rence  
thermocouple output  and conve r t ing  t h e  sum t o  degrees F 
by means of Nat iona l  Bureau of Standards B u l l e t i n  561. 
An average of t he  two Pt/Pt-lOmh thermocouple readings  
(never more than  2.8"F of d i f f e r e n c e )  w a s  used as t h e  
a c t u a l  block temperature.  
A t ab l e  of ou tput  va lues  f o r  each thermocouple being 
c a l i b r a t e d  was prepared from tes t  d a t a  i n  t h e  range 
32" - 140°F. 
The m i l l i v o l t  s i g n a l  equ iva len t  t o  the  r e f e r e n c e  j u n c t i o n  
temperature as def ined  i n  S teb  1 above was c a l c u l a t e d  f o r  
each thermocouple being c a l i b f a t e d  by l i n e a r  i n t e r p o l a t i o n  
of the  t ab le  def ined  a s  S tep  3. 
A c o r r e c t e d  output  s i g n a l  w a s  c a l c u l a t e d  by adding t h e  
m i l l i v o l t  s i g n a l  determined i n  S tep  4 above t o  t he  mea- 
su red  va lue .  Th i s  in format ion  was used t o  g e n e r a t e  a 
c h a r a c t e r i s t i c  curve  of c o r r e c t e d  ou tpu t  m i l l i v o l t s  vs  
t h e  a c t u a l  block tempera ture  determined i n  S tep  2 above. 
I n  o r d e r  t o  f a c i l i t a t e  curve  p l o t t i n g  and permi t  u s e  of an 
expanded scale, a s t r a i g h t  l i n e  de f ined  by coord ina te s  ( 0 ,  
0) and .(24, 2400) where t h e  f i r s t  number i s  c o r r e c t e d  
m i l l i v o l t  ou tput  s i g n a l  and t h e  second i s  tempera ture  i n  
"F w a s  used as a base l i n e ,  and t h e  d i f f e r e n c e  between t h i s  
l i n e  and t h e  c o r r e c t e d  o u t p u t  m i l l i v o l t s  w a s  c a l c u l a t e d .  































The curve  shown i n  F igu re  39 i s  an average of a l l  d a t a  p o i n t s  t aken  dur- 
i n g  t h r e e  temperature cycles over  t h e  range from 80" t o  2400°F f o r  two thermo- 
couples  w i t h  d i f f e r e n t  hot j u n c t i o n  c o n f i g u r a t i o n s  but from t h e  same spoo l s  of 
a l l o y  w i r e .  A l l  but 8 of 35 s t a b l e  p o i n t s  f a l l  w i th in  4°F of t h i s  l i n e .  Maxi- 
mum de iva t ion  of a n y  s t a b l e  po in t  from t h e  l i n e  (up t o  2200°F) i s  9°F. 
va lues  used t o  de f ine  t h e  curve  are l i s t e d  i n  Table I X .  These are not  ac tua l  
t es t  p o i n t s  but were picked o f f  of t h e  b e s t  l i n e  through t h e  t es t  d a t a  so t h a t  
l i n e a r  i n t e r p o l a t i o n  between any two p o i n t s  would cause  a maximum e r r o r  of 0.5"F. 
The a c t u a l  
A comparison between t h e  two r e f e r e n c e  thermocouples and t h e  o p t i c a l  
pyrometer readings are shown i n  Table X .  Op t i ca l  readings  were taken from 17  
inches  looking through a 1.5-inch h igh  vacuum viewport a t  t h e  bottom of  t h e  
0.5-inch diameter, 7-inch deep h o l e  i n  t h e  i so thermal  block. Cor rec t ion  f a c t o r s  
based on c a l i b r a t i o n  procedures were app l i ed  t o  t h e  r a w  o p t i c a l  readings  f o r  
t h e  vacuum viewport window and t h e  pyrometer l e n s .  The gene ra l ly  good agreement 
i s  an i n d i c a t i o n  t h a t  t h e  block temperature was reasonably uniform and t h a t  a l l  
f a c t o r s  used t o  make t h e  temperature measurements were c o n s i s t e n t .  
3.  Cal ib ra t ion  of Flowmeter Magnets 
The permanent magnets of t h e  flowmeters for t h e  primary and secondary 
c i r c u i t s  of t he  Pro to type  Corros ion  Loop have been s t a b i l i z e d  and c a l i b r a t e d  
by repea ted  thermal t rea tments  and f l u x  measurements over  t h e  temperature range 
from room temperature to  900°F. The f l u x  measurements ob ta ined  a r e  p l o t t e d  i n  
F i g u r e  40. These va lues  were ob ta ined  f o r  each magnet i n  two c a l i b r a t i o n s  ove r  
t h e  e n t i r e  temperature range. Each c a l i b r a t i o n  c y c l e  w a s  completed i n  approxi- 
m a t e l y  t h r e e  hours and dur ing  each cycle  t h e  magnet w a s  he ld  a t  900°F f o r  30 
minutes.  The decrease  i n  t h e  room tempera ture  f l u x  d e n s i t y  of t h e  magnets as 
a r e s u l t  of hea t ing  t o  900'F w a s  on ly  2% less  than  t h e  o r i g i n a l  va lues  as com- 
pared t o  t h e  10% decrease  i n  t h e  f l u x  d e n s i t y  of t h e  Loop I1 flowmeter magnet 
p r i o r  t o  t h e  loop  test, a s  desc r ibed  i n  Sec t ion  111.4.6 above. 
4 .  S t r e s s  Diaphragm Pres su re  Transducer C a l i b r a t i o n  
The t r ansduce r  f o r  t h e  Pro to type  Loop s y s t e m  w a s  assembled, l e a k  t e s t e d ,  
and run through a pre l iminary  c a l i b r a t i o n  p r i o r  t o  attachment t o  t h e  loop  p ip ing  
sys t em.  The pre l iminary  c a l i b r a t i o n  w a s  conducted w i t h  t h e  t r ansduce r  connected 
t o  a Consolidated Con t ro l s  Corpora t ion  e x c i t a t i o n  c i r c u i t .  The t r ansduce r  w a s  
p re s su r i zed  with argon gas s e v e r a l  t i m e s  ove r  t h e  f u l l  o p e r a t i n g  p r e s s u r e  range 
(0 t o  150 psig) and demonstrated a n e a r l y  l i n e a r  ou tpu t  c h a r a c t e r i s t i c s  i n d i -  
c a t i n g  42 m i l l i v o l t s  a t  150 p s i .  Zero s h i f t  ove r  seven f u l l  range p res su re  
C y c l e s  Was 1% of f u l l - s c a l e  ou tpu t .  
0.2% Of f u l l - s c a l e  ou tpu t .  
Zero s h i f t  ove r  t h e  l as t  t h r e e  cycles w a s  
The r e s u l t s  are i n  good agreement w i t h  t h e  d e f l e c t i o n  
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TABLE LX. CHARACTERISTIC CURVE FOR W-3%Re/W-25%Re 
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Defined by coord ina tes  ( m i l l i v o l t s ,  temperature) ,  ( 0 ,  0) (24, 2400). 
-73- 
TABLE X. COMPARISON OF REFEmNCE THERMOCOUPLES AND OPTICAL 
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1 
Pt/Pt-lO%Rh thermocouples, 0.20-inch d iameter ,  i n  99.0% A1203 
Pyro Micro O p t i c a l  Pyrometer, S e r i a l  No. M5344, Pyro Instrument 

















































test  r e s u l t s  ob ta ined  by Consolidated Con t ro l s  Corpora t ion  on t h e  diaphragm be fo re  
it was joined t o  t h e  t r ansduce r  housing. They found the  d e f l e c t i o n  of the diaphragm 
t o  be near ly  l i n e a r  over  t he  range 0 t o  150 ps ig ,  wi th  a t o t a l  d e f l e c t i o n  of 11.3 
m i l s ,  o r  approximately 0.065 m i l s / p s i .  
The tests c i t e d  above w e r e  conducted a t  ambient temperature and i t  i s  
expected tha t  ope ra t ion  a t  e l e v a t e d  temperature w i l l  produce changes i n  both 
z e r o  and span. However, compared t o  the  Loop I1 t r ansduce r ,  t h i s  t r ansduce r  
showed a cons iderable  improvement i n  l i n e a r i t y  ove r  t he  e n t i r e  o p e r a t i n g  pres- 
s u r e  range with a s i g n i f i c a n t  i n c r e a s e  i n  s e n s i t i v i t y  a t  p re s su res  g r e a t e r  than  
100 p s i .  
5. Tubing S t r e s s e s  Due t o  Motor Torsion of t h e  Helical 1nduction.EM Pumps 
The sodium pump which w i l l  be used i n  t h e  primary c i r c u i t  of t h e  Pro- 
t o t y p e  Loop and t h e  pump used i n  t h e  Loop I1 tes t  exerts a c a l c u l a t e d  motor 
t o rque  of 125 i n - l b s  a t  t h e  r a t e d  power of 14 KW. The  pdmp duc t  i s  i n s e r t e d  
i n  an i n s u l a t i n g  can which a l s o  s e r v e s  as  a vacuum jacket t o  p r o t e c t  t h e  C b - 1 Z r  
a l l o y  from ox ida t ion  a t  o p e r a t i n g  temperatures.  The pump duct  i s  no t  f a s t ened  
o r  r e t r a i n e d  i n  t h e  i n s u l a t i n g  can t o  permit u n r e s t r a i n e d  thermal expansion of 
t h e  duc t .  
An a n a l y s i s  of t h e  stresses i n  t h e  pump i n l e t  and d i scha rge  tubes  of 
t h e  sodium c i r c u i t  i n d i c a t e d  that  some form of r e s t r a i n t  on t h e  pump o r  t h e  
t u b e s  was required t o  resist t h e  motor t o rque  of t h e  pump dur ing  long-term 
o p e r a t i o n  a t  2000'F. Assuming t h a t  r e s t r a i n i n g  b racke t s  on t h e  tubes  are lo -  
c a t e d  10 inches from t h e  pump f a c e ,  then t h e  c a l c u l a t e d  bending and t o r s i o n a l  
stresses i n  t h e  pump tubes  a t  r a t e d  power are  as fo l lows:  
Bending S t r e s s  Tor s iona l  S t r e s s  
I n l  e t  Tube 
3/4-Inch Schedule 80 396 p s i  595 p s i  
Discharge Tube 
3/8-Inch Schedule 80 157 p s i  440 p s i  
A s i m i l a r  c a l c u l a t i o n  f o r  t h e  potassium pump of t h e  Pro to type  Loop 
showed t h a t  a motor torque  of 18.7 i n - l b s  would be e x e r t e d  on t h e  duc t  a t  t h e  
r a t e d  power of 3 KW. The c a l c u l a t e d  bending and t o r s i o n a l  stresses i n  t h e  
tube  w i t h  t h e  r e s t r a i n i n g  b racke t s  l o c a t e d  1 0  inches  from t h e  duc t  are as 
fo l lows:  
Bending S t r e s s  
I n l e t  Tube 
0.375-Inch OD x 0.065-Inch 970 p s i  
Wall Tube Attached a t  1.24 
Inches from Cen te r l ine  of 
Duct 
Discharge Tube 
0.375-Inch OD x 0.065-Inch 600 p s i  
Wall Tube Attached a t  0.77 
Inch frorr Cen te r l ine  of Duct 
Torsional  S t r e s s  
1050 p s i  
1050 p s i  
I n  o rde r  t o  e l imina te  t h e  p o s s i b i l i t y  of tube  d i s t o r t i o n  due t o  t h e  
motor torque of t h e  pumps, support  brackets  of Cb-1Zr a l l o y  have been loca ted  
5-1/2 inches  from both of t h e  pump faces .  This  reduces t h e  tubing s t r e s s e s  t o  
i n s i g n i f i c a n t  l e v e l s .  
6. T e m e r a t u r e  Limi ta t ion  of Cb-1Zr Allov Valve B e l l a w s  
An a n a l y s i s  has been performed t o  estimate t h e  temperature l i m i t a t i o n  
of Cb-1Zr a l l o y  bellows of t h e  type  cu r ren t ly  being used i n  t h i s  program. The 
bellows are formed* hydrau l i ca l ly  i n  two s t e p s  wi th  an in te rmedia te  recrystalliza- 
t i o n  annea l  t o  t h e  fol lowing general  spec i f i ca t ions :  
OD ; 0.500 Inch 
I D :  0.375 Inch 
F ree  Length: 1.125 + 0.062 Inches - 
Nou of Convolutions:  28 
Travel : 0.125 Inch 
Maximum Rated I n t e r n a l  Pressure : 3,600 psi 
The dimensions of t h e  bellows blanks p r i o r  t o  forming were 0.375-inch 
OD x 0.0080 + 0.0005-inch w a l l  x 7 . 0  inches long. Metallographic examination 
of a number o f  l ong i tud ina l  s e c t i o n s  of formed bellows revealed a minimum bellows 
w a l l  t h i ckness  of 0.006 inch,  and t h i s  dimension w a s  used i n  e s t ima t ing  t h e  
temperature  l i m i t a t i o n  of t h e  Cb-1Zr a l loy  bellows. 
------------------- 
* Standard Thomson Company, Walt-, Nassachusetts.  
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Operating S t r e s s  - The range of s t r e s s  i n  t h e  bellows during loop oper- 
a t i o n  can be approximated by: 
(14) 
P w2 
2 t2  
+ -  1 .5  E t A - 'R - h0.5 1.5 w Nd 
= range of stress due t o  expansion and pressure ,  p s i  
sR 
E = modulus of e l a s t i c i t y ,  p s i  
t = bellows th ickness ,  inch 
A = t o t a l  movement range, extension o r  compression, inch 
h = p i t ch  of ha l f -cor ruga t ion ,  inch 
w = height of cor ruga t ion ,  inch 
Nd = number of ha l f  cor ruga t ion  
P = i n t e r n a l  pressure ,  p s i  
The equat ion f o r  t he  s t r e s s  range c o n s i s t s  of two terms: t h e  f i rs t  
term r e f l e c t s  t he  stress due t o  t h e  bellows t ravel  and t h e  second term refers 
t o  t h e  s t r e s s  due t o  i n t e r n a l  pressure .  For  a d e f l e c t i o n  of 0.100 inch a t  150 
p s i  i n t e r n a l  p re s su re ;  t h e  bellows stresses a r e  approximately 80,000 p s i  f o r  
t h e  de f l ec t ion  term and 11,700 p s i  due t o  t h e  i n t e r n a l  pressure .  Using esti- 
mated minimum s t r e s s - r u p t u r e  p rope r t i e s  of Cb-1Zr f o r  10,000-hour l i f e ,  t h e  
temperature  l i m i t  placed upon the  valve bellows would be approximately 1400°F 
without making any allowance f o r  a design s a f e t y  f a c t o r .  
Spring Rate - The a x i g l  d e f l e c t i o n  of t h e  Cb-1Zr bellows a s  a f u n c t i o n  
of load was experimentally measured and i s  presented i n  F igure  41. The bellows 
spr ing  r a t e  a t  room temperature i s  118 l b s  per  inch.  The f o r c e  requi red  to de- 
f l e c t  t h e  bellows 0.10 inch,  which i s  the  normal t ravel  range of t h e  metering 
valve,  i s  11.8 l b s  compared t o  a c a l c u l a t e d  v a l u e  of 14.6 l b s  based on t h e  
equat ion : 
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3 (14) 4 E D t  F =  
0.5 2.5Nd 
3 h  w 
where 
D = mean bellows d i a m e t e r ,  inch  
E. P ro to tvDe  C o r r o s i o n  IDOD O D e r a t i o n  
O p e r a t i o n  of t he  Prototype Loop is  scheduled f o r  J u l y ,  1965 and a test 
p lan  for t h i s  e x p e r i m e n t  has been s u b m i t t e d  t o  NASA f o r  approval .  The Table 
of C o n t e n t s  of t h i s  test plan i s  l i s t ed  below: 
CONTENTS 
I TEST OBJECTIVE 
I1 GENERAL DESCRIPTION OF THE T E S T  SYSTEM AND THE TEST CONDITIONS 
I11 LIST OF DRAWINGS 
I V  DESCRIPTION OF P R I N C I P A L  LOOP COMPONENTS 
V LOOP INSTRUMENTATION AND INSTALLATION 
V I  SEALING, BAKEOUT AND LEAK CHECKING OF THE TEST CHAMBER 
V I 1  PURIFICATION AND LOOP F I L L I N G  PROCEDURE 
V I 1 1  CHECKOUT O F  SAFETY C I R C U I T S  
I X  PRETEST LOOP CHECKOUT 
X CALIBRATION O F  LOOP INSTRUMENTATION 
X I  TEST OPERATION 
X I 1  EVALUATION OF COMPONENT PERFORMANCE 
APPENDIX I - L i s t  of D r a w i n g s  - Prototype C o r r o s i o n  LOOP 
APPENDIX I1 - L i s t  of D r a w i n g s  - A l k a l i  Metal P u r i f i c a t i o n ,  H a n d l i n g  
and S a m p l i n g  S y s t e m  f o r  t h e  P ro to type  C o r r o s i o n  Loop 
-80- 
The pro:msed T e s t  Operatioti po r t ion ,  Sec t ion  X I ,  of t h e  T e s t  Plan i s  in-  
c luded below with a schematic diagram of the  loop,  F igure  42, and t h e  i n s t r u -  
mentation drawing, ]Fig-.-re 43, showing the  l o c a t i o n  of thermocouples on var ious  
loop components . 
X I  TEST OPERATION 
A. Recording of T e s t  Data 
The test ope ra to r  w i l l  maintain an o f f i c i a l  l o g  book of 
a l l  p e r t i n e n t  t e s t  d a t a ,  observat ions and test  progress  t o  
present  a complete but conc i se  h i s t o r y  of t h e  loop ope ra t ion .  
I n  add i t ion  t o  the l o g  book, he w i l l  r ecord  d a i l y  a l l  test  
d a t a  on a s tandard  t e s t  d a t a  sheet maintained i n  chronologica l  
o r d e r  i n  a loose  l ea f  notebook. 4 p a r t i a l  p re s su re  gas  a n a l y s i s  
of t h e  r e s i d u a l  gases  i n  t h e  vacuum chamber w i l l  be recorded 
d a i l y .  
B. Operating I n s t r u c t i o n s  
The p r o j e c t  engineer  w i l l  i n s t r u c t  and q u a l i f y  a l l  loop 
ope ra to r s  i n  t h e  c o n t r o l  and operat ion of t h e  loop and 
a u x i l i a r y  test equipment. I n  addi t ion  t o  these i n s t r u c t i o n s ,  
a complete f i l e  of loop drawings and equipment manuals w i l l  
be a v a i l a b l e  t o  the ope ra to r  a t  t h e  test si te.  A thorough 
review of t h e  s a f e t y  and pro tec t ion  c i r c u i t s  of t h e  loop w i l l  
be  made dur ing  t h e  ope ra t ion  of the t e s t .  N o  s a f e t y  c i r c u i t  
w i l l  be bypassed w i t h o u t  wr i t ten  permission i n  the  log  book 
by the  p r o j e c t  engineer  o r  pro jec t  manager. 
C.  T e s t  S t a r t u p  
The loop and vacuvm chamber have previously completed an 
i n i t i a l  bakeout and a r e  cu r ren t ly  a t  room temperature  a t  a 
t o t a l  p re s su re  less than 1 x l o m 8  t o r r .  
i n g  ope ra t ion  t h e  r a t e  of increas ing  t h e  loop temperature w i l l  
be c o n t r o l l e d  by the  ou ta s s ing  ra te  of the loop components a s  
they exceed t h e  bakeout temperature.  The permiss ib le  vacuum 
chamber p re s su res  a s  a funct ion of temperature  a r e  l i s t e d  a t  
t h e  end of t h i s  s e c t i o n  ((2.22). 
During t h e  follow- 
The potassium and sodium inventory are s o l i d i f i e d  i n  their 
r e s p e c t i v e  surge  tanks rrnder vacuum. The  fol lowing procedures 
w i l l  be used t o  f i l l  t he  primary (sodium) and secondary (potas-  
sium) loops  and t o  b r ing  t h e  loop t o  the design ope ra t ing  con- 
d i t i o n s .  
-C1- 
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Turn on t h e  vacuum chamber e l e c t r i c a l  heaters f o r  
500'F bakeout of b e l l  j a r ,  sump and spool  s e c t i o n .  
Turn p r h r y  and secondary EAI pump power t o  10% of 
f u l l  power and allow the pump temperature t o  in- 
crease t o  500'F and then a d j u s t  the power t o  main- 
t a i n  500OF. 
To f i l l  t h e  primary loop, check t h e  surge  tank temper- 
a t u r e  and i f  t h e  temperature i s  g r e a t e r  than  250°F, 
increase the argon pressure  t o  150 p s i a .  
The primary loop  w i l l  f i l l  au tomat ica l ly  as t h e  sodium 
is forced  ou t  of t h e  surge tank i n t o  t h e  loop. 
The f i l l  w i l l  be detected by the ind ica t ed  f l o w  on 
the  flowmeter r eco rde r  and temperature  changes i n  
t h e  primary c i r c u i t .  
Before f i l l i n g  t h e  secondary loop, open the i s o l a t i o n  
valve.  
Close t h e  meter ing valve wi th  1 f t - l b  of torque.  
Slowly i n c r e a s e  t h e  argon p res su re  of t h e  primary loop 
t o  2.0 p s i a  which i s  equivalent t o  a 70-inch column of 
potassium above t h e  surge tank (0.0283 lbs / sq  i n / i n  of 
potassium at  480'F). 
Verify t h e  he ight  of the r i s i n g  potassium i n  t h e  con- 
denser  by the change i n  temperature of thermocouples 
on :condenser/subcooler pipe , 
T/C S-17 (condenser i n l e t )  i n d i c a t e s  K a t  proper  
he ight .  
i n  the p rehea te r  s i d e  of t h e  loop. 
Close t h e  i s o l a t i o n  valve w i t h  2 f t - l b s  of torque.  
Temperature change at 
No change i n  temperature should be de t ec t ed  
*. 
Inc rease  t h e  secondary gas pressure  t o  100 p s i a  i n  
2 
'I 
t h e  surgg tank and check f o r  i n t e r n a l  leak a c r o s s  
t h e  i s o l a t i o n  valve seat by a p res su re  change on t h e  
p re s su re  t ransducer  PT-1. 
12. I f  no leak is de tec t ed  a f t e r  one hour reduce t h e  argon 
p res su re  t o  15  ps i a .  
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13. Boi l ing  o p e r a t i o n  can  now be started.  
14. Slowly increase t h e  temperature of t h e  primary c i r c u i t  
t o  1350°F on manual c o n t r o l  w i th  flow rate a t  2 gpm. 
15. Check t h e  power s e t t i n g  of the secondary EM pump and ad- 
j u s t  t o  10%. 
16. Slowly open t h e  metering va lve  t o  40-45" r o t a t i o n  which 
w i l l  be equ iva len t  t o  a 20 t o  40 p s i  drop a t  des ign .  
17. Bo i l ing  and condensing i n  t h e  secondary loop  w i l l  begin 
w i t h  t h i s  ope ra t ion .  Maintain flow and p o w e r  i npu t  con- 
d i t i o n s  u n t i l  thermal equ i l ib r ium i s  achieved i n  secondary 
c i r c u i t .  
18. Check the potassium vapor q u a l i t y  a t  t h e  b o i l e r  e x i t .  
a. If q u a l i t y  i s  100% o r  less dec rease  t h e  potassium 
flow rate t o  o b t a i n  25" t o  75°F of superhea t  i n  
potassium vapor. 
b. If vapor i s  superheated slowly i n c r e a s e  t h e  potas- 
sium f low rate w h i l e  main ta in ing  25" t o  75OF of 
superhea t .  
19. Slowly i n c r e a s e  t h e  tempera ture  of t h e  primary loop  i n  
25'F increments.  
20. Turn power on potassium p r e h e a t e r  and a d j u s t  power t o  
o b t a i n  a b o i l e r  i n l e t  t empera ture  25°F below t h e  potas- 
sium s a t u r a t i o n  temperature.  
21. Continue t o  i n c r e a s e  the  primary loop  tempera ture ,  t h e  
secondary f low ra te  and t h e  p r e h e a t e r  tempera ture  u n t i l  
t h e  fo l lowing  test  c o n d i t i o n s  are reached: 
- 1900" + 25°F - Boi l ing  Temperature 
Superheat Temperature 
Condensing Temperature - 
2000" + 10°F 
1350" + 25°F 
- 
- 
- 35 l b / h r  + 5 - Potassium Flow Rate 
l b / h r  
-86- 
22. 
Nominal values  of pressures ,  temperature,  f low v e l o c i t i e s ,  
and power i n p u t s  t o  var ious loop components are given i n  
F igure  2 (Figure 42 of t h i s  r e p o r t ) .  
The m a x i m u m  test chamber p re s su res  which shall no t  be ex- 
ceeded dur ing  t e s t  s t a r t u p  and ope ra t ion  are given below: 
Maximum 
I o n i z a t i o n  
Maximum Loop Gauge P res su re  
Test Period Temp., OF Torr  
Bakeout 500 5 10-5 
T e s t  S t a r tup  1000 1 10-5 
T e s t  S t a r tup  1500 5 
A t  T e s t  Condi t ions 
0-100 H r s .  2125 
100-500 H r s .  2125 
1 x 10-7 
5 x lo-$ 
1 x 500-2,500 Hrs . 2125 
I n  t h e  event t h a t  the  i o n i z a t i o n  gauge p res su re  l i m i t a -  
t i o n s  given f o r  t h e  loop ope ra t ion  are exceeded a par t ia l  
p re s su re  scan w i l l  be obtained t o  determine t h e  concen- 
t r a t i o n  of r e a c t i v e  gases. These r e s u l t s  w i l l  be reported 
t o  t h e  p r o j e c t  engineer  immediately t o  o b t a i n  approval 
t o  cont inue  t h e  test .  
23. Continue test a t  above cond i t ions  f o r  2,500 hours.  
24. T h e  e f f e c t  of a change i n  the  potassium flow, tempera- 
t u r e ,  o r  inventory are summarized i n  Table I (Table X I  
of t h i s  report). 
D. Loop Shutdown Procedures 
1. N o r m a l  - The fol lowing procedure w i l l  be used when a scheduled 
loop shutdown has been requested by e i t h e r  t he  p r o j e c t  engineer  
o r  p r o j e c t  manager f o r  e i t h e r  loop o r  f a c i l i t i e s  maintenances 
which w i l l  prevent t h e  normal ope ra t ion  of t h e  loop. The shut-  
down procedure w i l l  normally r e q u i r e  one hour and a l l  ad jus t -  
ments w i l l  be made i n  small, c a r e f u l l y  c o n t r o l l e d  increments to  
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a. I n  sequence, decrease:  
i. Secondary pump power 
ii. Prehea ter  power 
iii. Heater power 
i v .  Primary pump power 
b. When t h e  temperature of t h e  loop  i s  less than  1000°F, 
t u r n  o f f  a l l  loop power. 
c. Evacuate primary and secondary surge  tank t o  0 p s i a .  
d.  Primary c i r c u i t  w i l l  dump automat ica l ly ;  do not  dump 
secondary c i r cu i t  un le s s  i t  i s  requested by e i t h e r  
t h e  p r o j e c t  manager o r  p r o j e c t  engineer .  
2. Emergency - The fol lowing procedure w i l l  be used only  i n  
event o f :  
Severe l e a k  i n  t h e  loop. 
Loss of e l e c t r i c a l  power o r  water supply,  which w i l l  
prevent normal loop  opera t ion .  
Abnormal behavior of t h e  loop inc luding  loop pres-  
s u r e  o r  temperature  excursions fol lowing e s t a b l i s h -  
ment of s t eady  s t a t e  ope ra t ion r  
a ,  I n  sequence, without  delay:  
i. Heater p o w e r  off 
ii. Prehea ter  power o f f  
iii. Primary and secondary pump power o f f  
i v .  Evacuate primary and secondary su rge  tanks  t o  
0 p s i a .  
when primary m r g e  tank is evacuated. 
Primary loop  w i l l  be dumped au tomat iaa l ly  
b. I f  l e a k  is  observed i n  t h e  secondary sys t em,  open t h e  
i s o l a t i o n  valve.  Secondary sys t em w i l l  then dump. 
c. Af t e r  secondary loop h a s  been dumped, c l o s e  t h e  i s o l a -  
t i o n  va lve  wi th  2 f t - l b s  of torque.  
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F. Refluxing Potassium Compat ib i l i ty  T e s t s  
The two r e f l u x i n g  potssium capsu le  tes ts  which are being conducted a t  2000'F 
t o  determine t h e  ex ten t  of mass t r a n s f e r  of Mo-TZM a l l o y  t u b u l a r  i n s e r t s  i n  t h e  
condenser region of Cb-1Zr a l l o y  capsu le s  have been desc r ibed  i n  prev ious  r e p o r t s  
(15, 16 ) .  
i n a r y  examination of t h e  test components has  been completed. 
of t h e  2,500-hour t es t  (capsule  # l ) ,  t h e  5,000-hour test (capsule  #2) was re- 
s t a r t e d  and, as of Apr i l  15, 3,362 hours of ope ra t ion  had been completed. 
The 2,500-hour test  w a s  completed dur ing  t h e  p a s t  q u a r t e r  and prelim- 
Following removal 
The test chamber p r e s s u r e  dur ing  t h e  2,500-hour test of Capsule #1 may be  
summarized a s  fo l lows  : 






Sys tem a t  Room 
Temperature Fol- 
lowing T e s t  
Pressure .  Tor r  
9 to 2 
2 to 1 
1 to 2 
2 x t o  6 x 10'' 
8 x 10-l' 
The potassium condensing rate f o r  c a p s u l e  #1 du r ing  t h e  2,500-hour test w a s  
c a l c u l a t e d  by means of t h e  hea t  measurements ob ta ined  on t h e  water-cooled hea t  
exchanger which surrounded t h e  condenser zone of t h e  capsu le  as p rev ious ly  desc r ibed  
(17).  F a i l u r e  of a t h e r m i s t o r  used t o  measure t h e  tempera ture  rise of t h e  water 
a f t e r  600 hours of t e s t i n g  prevented t h e  de t e rmina t ion  of condensing rates f o r  
a l a r g e  por t ion  of t h e  tes t .  Measurements du r ing  t h e  f i r s t  600 hours of t h e  test 
y i e lded  condensing rates which v a r i e d  from a minimum of 28.9 l b s / h r  f t 2  t o  a 
maximum of 29.3 l b s / h r  f t 2 .  The d e f e c t i v e  t h e r m i s t o r  w a s  r ep laced  a t  t h e  end 
of t h e  2,500-hour test and a condensing ra te  of 31.5 l b s / h r  f t 2  w a s  measured. 
Addi t iona l  comments on t h e  condensing ra te  measurements are given below r e l e v a n t  
t o  t h e  capsule  #2 test. 
Following completion of t h e  2,500-hour test, c a p s u l e  #1 w a s  removed from 
t h e  test chamber, and a p re l imina ry  e v a l u a t i o n  w a s  performed on t h e  test com- 
ponents. F igure  44 shows t h e  c a p s u l e  fo l lowing  removal from t h e  test chamber. 
The capsu le  was opened i n  t h e  vacuum/purge welding chamber, and t h e  b o i l e r  and 
condenser po r t ions  of t h e  c a p s u l e  were p laced  i n  t h e  vacuum d i s t i l l a t i o n  u n i t  






Figure 44 .  Cb-1Zr Alloy Refluxing Potassium Test  Capsule Containing Mo-TZM 
Alloy Tubular I n s e r t s  i n  the Condenser Zone Following Completion 
of 2,500-Hour, 2000OF T e s t .  (Orig.  C65032521) 
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u n i t  which has  been descr ibed  i n  an ear l ier  r e p o r t  (18). T h e  d i s t i l l a t i o n  u n i t  
w a s  evacuated t o  1 x t o r r  and hea ted  t o  875'F. Pumping w a s  continued on 
t h e  system f o r  4 hours a t  which t i m e  t h e  evacuation l i n e  was valved shu t .  D f s -  
t i l l a t i o n  continued f o r  38 hours.  The d i s t i l l a t i o n  u n i t  w a s  then allowed t o  
coo l  t o  room temperature and subsequently w a s  opened i n  t h e  vacuum/purge welding 
chamber. A l l  t h e  potassium from t h e  two ends of t h e  c a p s u l e  (21.8 gm t o t a l )  had 
c o l l e c t e d  on t h e  a i r  cooled condenser and none was de tec t ed  on t h e  t o p  p o r t i o n  
of t h e  capsu le  which conta ined  t h e  Mo-TZM a l l o y  i n s e r t s  o r  i n  t h e  b o i l e r  r eg ion  
where most of t h e  potassium w a s  l o c a t e d  p r i o r  t o  d i s t i l l a t i o n .  
Following removal from t h e  welding chamber, t h e  capsu le s  were i n v e r t e d  and 
tapped gent ly  t o  determine if any l o o s e  p a r t i c u l a t e  material remained a f te r  
d i s t i l l a t i o n .  None w a s  found. 
Following d i s t i l l a t i o n ,  t h e  f i v e  Mo-TZM a l l o y  t u b u l a r  i n s e r t s  were removed 
from the condenser region of t h e  capsu le .  A l l  t h e  Mo-TZM a l l o y  specimens ex- 
c e p t  t h e  top one (specimen #1) were removed without d i f f i c u l t y .  Specimen #1 
w a s  removed wi th  some d i f f i c u l t y  due t o  shr inkage  of t he  Cb-1Zr p ipe  du r ing  
EB welding of t h e  t o p  cap  whi le  s e a l i n g  t h e  capsu le  p r i o r  t o  t e s t i n g .  
Weight change d a t a  ob ta ined  on t h e  f i v e  Mo-TZM a l l o y  i n s e r t  specimens lo-  
c a t e d  i n  the  condenser reg ion  and t h e  C b - 1 Z r  a l l o y  sheet specimen from t h e  
b o i l e r  ( l i q u i d )  reg ion  are  given i n  Table X I I .  A s  may be noted i n  t h i s  table,  
t h e  Mo-TZM a l l o y  specimens experienced on ly  minor weight changes du r ing  t h e  
2,500-hour test. Mo-TZM specimen #1 showed a very  s l i g h t  weight g a i n  and a l l  
o r  a po r t ion  of t h i s  ga in  i s  a t t r i b u t e d  t o  pickup of very small p a r t i c l e s  of 
Cb-1Zr from t h e  test  capsu le  i n  s e v e r a l  areas where d e t e c t a b l e  bonding occurred  
between the i n s e r t  and t h e  capsule .  The c a p s u l e  a f t e r  s e c t i o n i n g  i s  shown i n  
F i g u r e  45. A s  may be noted i n  t h i s  photograph, t h e  areas of t h e  C b - 1 Z r  a l l o y  
which were i n  con tac t  w i t h  l i q u i d  du r ing  the  test were dark  i n  appearance w h i l e  
t h e  areas i n  c o n t a c t  w i t h  vapor r e t a i n e d  a b r i g h t  appearance.  
t r u e  f o r  t he  Mo-TZM a l l o y  specimens. The i n s e r t  specimens were darkened i n  t h e  
areas i n  contac t  w i t h  l i q u i d  (annulus between capsu le  and specimens) and b r i g h t  
i n  appearance on t h e  I D  s u r f a c e s  which were i n  c o n t a c t  w i t h  condensing vapor. 
T e s t s  w i l l  be conducted t o  determine t h e  cause  of t he  darkened appearance. 
The  r e v e r s e  w a s  
Additional chemical and meta l lographic  examination of t h e  specimens and 
capsu le  from t h i s  test  w i l l  be performed fo l lowing  completion of t h e  5,000-hour 
test  on capsule #2. 
The condensing ra te  and tempera ture  d a t a  which have been ob ta ined  on Cap- 
s u l e  #2 during t h e  f irst  3,300 hours of test o p e r a t i o n  are shown i n  F i g u r e  4 6 .  
I n  both t h i s  test  and i n  capsu le  t es t  #1 a d e f i n i t e  drop  i n  tempera ture  w i t h  
t i m e  has  been observed w i t h  a c o n s t a n t  v o l t a g e  i n p u t  t o  t h e  heaters. T h i s  d rop  
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TABLE X I I ,  WEIGHT CHANGE DATA OBTAINED ON SPECIMENS FOLLOWING 
Cb-lZr/Mo-TZM REFLUXING POTASSIUM CAPSULE TEST 
T e s t  Condi t ions:  
T e s t  Durat ion:  




(Top of Condenser) 
Mo-TZM #2 
Mo-TZM #3  
Mo-TZM #4 
Mo-TZH #5 
(Bottom of Condenser) 
Cb-1Zr2 (Bo i l e r  Region) 
2,500 Hours 
2000'F 
30.4 1 bs/f t2 /hr  (0 ,248 gm/cm2/min) 
Weight, gm 







- mg mg/cm2' 
+1.0 +O. 07 
-0.6 -0.04 
-0.3 -0.02 
+O. 6 +O. 04 
+4.5  +O .32 
19.0209 19.0221 +1.2 +O. 04 
1 
Loss of 25.7 mg/cm2 f o r  Mo-TZM a l l o y  i s  equiva len t  t o  1 m i l  of 
uniform s u r f  ace removal. 
Nominal dimension of Mo-TZM i n s e r t  specimens ( i n c h e s ) :  
2 
OD Wall Thickness Length -
Specimen #1 0.87 0.85 0.078 
Specimens #2, 1 . 0  0.85 0.078 
#3, #4, #5 
Nominal dimensions of Cb-1Zr sheet specimen: 












Liqu id  
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Figure  45.  Potassium Reflux Capsule Components Following 2,500-Hour 
Enlarged V i e w  of Cb-1Zr Capsule Wall a t  Tes t  a t  2000OF. 
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i n  temperature is  a t t r i b u t e d  t o  a decrease i n  t h e  h e a t e r  r e s i s t a n c e .  I n  capsu le  
#2 t h e  r e s i s t a n c e  of t he  h e a t e r  a t  room temperature w a s  focnd t o  have decreased 
about 3.2% a f t e r  2,50i hours of t e s t i n g .  A s i m i l a r  r e s u l t  was noted f o r  capsu le  
test # l .  The drop i n  t h e  temperature  of capsule  #2 i s  c l e a r l y  r e f l e c t e d  i n  t h e  
condensing r a t e  decrease  observed f o r  t h i s  capsule .  
The condensing rate dur ing  t h e  f i r s t  3,300 hours of t h e  test has va r i ed  
from a minimum of 28 l b s / f t 2  h r  t o  a maximum of 30.9 l b s / f t 2  h r .  
vapor iza t ion  of 736.9 BTU/lb a t  2000'F was used i n  making t h e  condensing rate 
c a l c u l a t i o n s  (19).  Ca lcu la t ions  of t h e  emit tance of t h e  threaded Cb-1Zr a l l o y  
condenser wall based on t h e  measured hea t  r e j e c t i o n  and s y s t e m  temperatures  
y ie lded  a value of 0.23. This  va lue  i s  cons iderably  l e s s  than was a n t i c i p a t e d  
f o r  t h i s  type of sur face .  
A hea t  of 
G. Helium Analvsis  Svstem 
The ai ia lysis  s y s t e m  f o r  t h e  measurement of oxygen and moisture  i n  t h e  
argon cover gas  f o r  t h e  Prototype Loop has  been received.  This  u n i t  c o n s i s t s  
of a Beckman Model 27901 e l e c t r o l y t i c  hygrometer and a Beckman Model 89 trace 
oxygen analyzer  wi th  a s soc ia t ed  gas handl ing system. A photograph of t h i s  
s y s t e m  i s  shown i n  F igure  47. 
The e l e c t r o l y t i c  hygrometer has f i v e  ranges:  0-10, 0-30, 0-100, 0-300, 
and 0-1,000 ppm f u l l  s c a l e .  The oxygen ana lyzer  has  two ranges: 0-10 and 0-50 
ppm f u l l  sca le .  
Th i s  ana lys i s  system has been temporar i ly  a t t ached  t o  t h e  e x i t  l i n e  of 
t h e  p u r i f i c a t i o n  t r a i n  used t o  p u r i f y  t h e  helium f o r  welding. The s y s t e m  
has  been checked out  and i s  now used r o u t i n e l y  i n  p l ace  of t h e  Brady appara tus  
and dewpoint cup t o  analyze t h e  i n l e t  helium t o  t h e  welding chamber. Analyses 
have shown t h a t  t h e  helium i s  of c o n s i s t e n t l y  high p u r i t y  with t y p i c a l  Values 
of 0.5 ppm oxygen now being obta ined .  
Th i s  ana lys i s  s y s t e m  w i l l  cont inue  i n  use  f o r  helium ana lyses  f o r  t h e  weld- 
i n g  chamber u n t i l  t h e  t i m e  t h a t  i t  i s  needed f o r  Pro to type  Corrosion Loop oper- 
a t i o n .  
H. Weld Contamination Study 
A study of contamination of welds on Cb-1Zr a l l o y  shee t  has been performed. 
Automatic f u s i o n  welds a t  2 inches  p e r  minute were made on both 0.062-inch s h e e t  
and 0.125-inch shee t .  
f o r  changes i n  0 ,  N, and H by vacuum f u s i o n  ana lyses .  Some Kjeldahl  n i t rogen  
ana lyses  were a l s o  performed. 





Gas Sample Pane 
Sample I n l e t  
Control Valve 
Figure  4 7 .  Beckman E l e c t r o l y t i c  Hygrometer and Oxygen Trace Analyzer t o  be Used 
for Monitoring P u r i t y  of Argon Cover G a s  f o r  Pro to type  Corrosion Loop. 
(C 6 5041 4 09 ) 
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A i r  w a s  added t o  t h e  chamber from a gas  b u r e t t e .  Welds were made a t  variolas 
chamber p J r i t y  levels  between 0 and 100 ppm a i r  added. Q A t e  good agreement w a s  
found between the  a i r  added and t h e  ana lyses  of t h e  chamber atmosphere wi th  t h e  
m a s s  spectrometer.  Welds w e r e  a l s o  made a t  mois ture  l e v e l s  between 0 and 53 
ppm. No  s i g n i f i c a n t  i n c r e a s e  i n  0, N, and H was f o m d  i n  any of t h e  weld spec i -  
mens. The d e t a i l s  of t h i s  contamination s tudy  w i l l  be r epor t ed  i n  a t o p i c a l  
r e p o r t  e n t i t l e d ,  " P u r i f i c a t i o n  and A n a l y s i s  of Helium f o r  t h e  Welding Chamber" 
which w i l l  be  issued i n  t h e  near f u t u r e .  
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IV FUTURE WORK 
A. J o i n i n g  of the major subassemblies of the  Prototype Corrosion Loop w i l l  
be completed, and ins t rumenta t ion  of the  sys tem a t  t h e  test s i te  w i l l  be 
performed. 
B. The potassium for the loop w i l l  be p u r i f i e d  and both t h e  sodium, and the 
potassium t r a n s f e r  s y s t e m  w i l l  be f lushed  ou t  p r i o r  t o  f i l l i n g  and f lu sh -  
i n g  the loop c i r c u i t s .  
C. Following c l o s i n g  of the test chamber, the  sys t em w i l l  be baked ou t  a t  
500°F under vacuum f o r  s e v e r a l  hundred hours w h i l e  low temperature  
checkout and component c a l i b r a t i o n  tests are being performed, Present  
schedules  i n d i c a t e  t h a t  t he  test condi t ions  should be a t t a i n e d  near  t he  
end of t h e  next  r epor t ing  per iod.  
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